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PREFACE. 


After the second edition of Benedikt’a Chemistry of 
the Goal-ta/r Colours had gone out of print, the only 
other text-book on the subject which appeared in the 
English language was Collin and Richardson’s transla- 
lation of Nietzki’s Chemistry of the Orgcmic Dyestuffs. 
Both these works are now hopelessly out of date, and 
would have to be entirely rewritten to be of any use. 
The excellent works of A G. Green (Tabular Survey) 
and of Cain and Thorpe (Synthetic Dyestuffs) are rather 
too compendious and expensive as class-books, and 
there heis been for some years a demand for a really 
reliable text-book for the use of students, and also for 
others who merely wish to obtain a general idea of the 
subject. When Dr. Wahl’s work, L’lnchvstrie des 
matihres colorantes organiques, appeared as one of the 
numerous volumes of Der6mes’s Bihliothhque des 
industries chimiques, I was at once convinced that 
this excellent little book, written by a chemist who is 
a recognised authority, and has also had considerable 
practical experience, would constitute a worthy suc- 
cessor to that of Benedikt, and would supply a real 
waaat. I therefore suggested to Mr Atack that he 
should undertake the translation, and, when he com- 
municated this to the author, Dr Wahl not only gave 
his immediate consent, but undertook to collaborate in 
* bringing the Bnghsh edition up to date. Much new 
matter has been added as a consequence of the rapid 
development of this industry from a commercial as 
well as from a theoretical point of view during the 
comparatively short time that has elapsed between 
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the issue of the French and the English editions The 
writer has also taken some personal interest in the 
publication in reading the proof-sheets and making 
certain suggestions. 

In two points the new book differs materially from 
that of Benedikt In the first place, practically no 
attempt is made to educate the reader in organic 
chemistry up to the point of his being able to com- 
prehend the intricate chemistry of the dyestuffs. It 
should therefore be clearly understood that anyone 
seeking to derive any benefit from the book must of 
necessity possess a good knowledge of organic 
chemistry. In the second place, the application of 
the dyestuffs is very superficially dealt with, and for 
information on this point other books or manuals must 
be consulted. While keeping the subject-matter within 
the compass of a text-book, it has thus been possible 
to introduce considerably more matter directly con- 
cerned with the history, chemistry and manufacture 
of the colouring matters than was the case with 
Benedikt’a textbook. 

The work is not intended as a compendium. It 
deals concisely with raw products, intermediate pro- 
ducts, and finished dyestuffs in sufficient detail to give 
the reader a complete survey of the subject. In most 
cases the chapters contain short historical accounts of 
great interest, and numerous reliable examples taken 
from practice are introduced. It is obviously im- 
possible to detail in a volume of this size the thousand 
and odd colouring matters on the market, but the 
examples given are typical of the groups, and repre- 
sent the most important individuals, or those which 
are best suited for illustration purposes. 

EDMUND KNECHT. 

Faculty or Tecunoloqt, 

Univhusitt of Manoiikstkji, 

Saptemher, 1914 
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THE MANUFACTURE OF ORGANIC 
DYESTUFFS. 


INTRODUCTION. 

The colour industry commenced with the discovery of 
Mauvelne in 1856 by William Henry Perldn, then assis- 
tant to Hofmann at the Royal College of Chemistry in 
London. Two years later this dyestuff was manu- 
factured by Perkin senior and junior in their works at 
Greenford Green, and met with considerable success 
luider the trade names of Tynan purple, PerJcin’s violet, 
Mauve or Mauveine. The year 1869 is not less memor- 
able, being the date when Verguin, chemist at the dye- 
works of Messrs. Renard Brothers and Franc in Lyons, 
discovered Anili^ie red. The process became the pro- 
perty of the “ Fuchsine ” Company with a capital of 
four million francs. Discoveries followed with astonish- 
ing rapidity, Magenta (Fuohsme) itself being converted by 
chemists into Imperial violet, Lyons blue, Paris violet, etc 
The wonderful development of this new industry, 
abnost exclusively in French hands, gave splendid 
promise ; but the complex mechanism of the reactions 
giving rise to these new products was not at all under- 
stood. The peroontage composition and exact arrange- 
ment of the molecular structures of these dyostufEs were 
unknown, and the French scientists did not foresee, or 
protended not to see, what the industry, as well as pure 
science, could gain by such determinations. Even if at 
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the beginning, chance and empiricism have played the 
greater part in the first stages of a discovery, this state 
of things was destined to become rapidly modified. 
Owing to the impetus caused by the adoption of the 
theories of valency and of radicles, and hence of 
structural formulae, by which the characteristic pro- 
perties of carbon compounds were diagrammatically 
represented by simple symbols, organic chemistry passed 
through a period of rapid development, of which no 
parallel can be found hi the history of other sciences. 
(See A. Haller, Report of the Paris Exhibition, 1900.) 

Unfortunately these theories met with great opposition 
m France This was all the more difficult to overcome 
as it was supported by eminent scientists who united 
in refusing to recognise such novel theories. Whereas 
Gerhardt, Wilrtz and others, in France, continued their 
efforts in a hopeless struggle, which finally ended in 
a triumph for these theories, in Germany the appli- 
cation of these views by Kekul4, Hofmann, V. Meyer, 
Graebe and Liebermann, Baeyer, and others, was 
so productive that these theories were accepted with 
enthusiasm, and found favourable conditions for there 
successful application. 

These advances of organic chemistry immediately had 
their effect on the German colour mdustry, causing 
its rapid development. It borrowed its methods, views, 
symbols and language from science. The chemist 
engaged in the industry thus found a firm scientific 
basis, an aid and reliable guide with which he did 
not hesitate to launch out resolutely in the way which 
led him to his great discoveries. 

Thus, this industry, after having undergone a period 
of expansion m France as weU as in England, 
^adually crossed the frontier and established itself 
in Germany and Switzerland, where it has developed 
so rapidly that to-day their supremacy cannot be 
dispute. 

Nothing will illustrate the economic importance of 
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this industry better than the following statement relat- 
ing to the prosperity of the mam German firms : 



Firm 

3 4 

•O S 
1^1 

I f 

DmDHiTDS Paid Pbr cmra 

1 1 1 1 1 



^ 1 

1897 

1000 

1008 

1000 

1010 

1011 


1000 

1900 







Badiache Anihn- und 









Sodafabnk, Lud- 
wigshafen - 

148 

8,040 

24 

24 

22 

24 

24 

25 

Farbwerke vormala 









Meialer, Lutnua, 
c6 Bi'nnvng, Hoolist 
a/Mam 

120 

3,555 

26 

26 

27 

27 

27 

30 

Farbenfdbnken 

Bayer, Elbcrield - 
AktiengeaeUaaliaft fur 

145 

7,889 

18 

18 

24 

24 

— 

29 

AmhnfabrihaMon, 

Berlin 

55 

1,800 

12^ 

16 

18 

18 


20 

Leopold Oaaaella, 







i^ankfuxt - 
Kalle db Co., Bieb- 

80 

1,800 

— 

— 

— 

— 

— 

— 

rioh a/Rheiu 

— 

— 

— 

— 

4 

10 

10 

10 


In 1908, of the various smaller colour films • Weilsr-Ter Meer, 
paid 7 per oent. ; Qriinau, Landahoff und Meyer, 10 per cent. ; 
Oliemiaolie Fabnh Gh'ieaheim Elektron, 14 per oent 


On the 1st of January, 1906, an association of the 
Badisclie Anilin- uvd Sodafahrik, Farbenfabriken Bayer, 
and Berlin Aktiengesellachaft was formed for a period 
of fifty years. This combine owns the Augusta- Victoria 
coal-mine, and has large interests in the new Norwegian 
worlcs for the electro-synthetic manufacture of nitric 
acid. The firms Kalle, Leopold Cassella, and Meister, 
Lucius und Bruning have also formed a similar combine. 

In this small volume the author proposes to illustrate 
the numerous and varied reactions by which the chemi- 
cal industry has succeeded in converting comparatively 
simple substances extracted from coal-tar, such as 
benzene, naphthalene, anthracene, phenol, etc., into 
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innumerable dyestufia, the formulae of wbich. are gener- 
ally very complex. 

Having briefly mdioated the processes by which the 
principal constituents can be isolated from tar, some of 
the principal methods of converting the raw materials 
into other compounds, which are conveniently called 
iTUermedtcUe products y will be examined. It would be 
difficult to bring all the methods at the disposal of 
the chemist for attainmg his object into such a l im ited 
space, and it has therefore been necessary to make 
a selection. The author has been guided in his choice 
by the aim of presenting facts to the reader in as con- 
nected a chain as possible, and in such a manner that, 
starting with simple reactions, the complex reactions 
involved in the production of colourmg matters are 
reached in progressive stages. 

Having outlhied the methods of preparation and con- 
stitution^ formulae of the hydrocarbons amd phenols, 
there will be considered in order : 

1. Sulphonationy which gives mono-, di-, tri- or poly- 
sulphonic acids of benzene, naphthalene, phenol, etc. 

2. Allccdine fusion, which constitutes a general method 
for the synthesis of the phenols, starting with the 
sulphonic acids, of which the preparation has just been 
given. Fusion with alkahes of mono-, di- or poly- 
sulphonic acids yields new phenols or naphthols, poly- 
phenols or hydroxynaphthols, and by more careful 
treatment hydroxy-sulphonio acids. 

3. Nitration, which yields nitro-compomids with the 
original hydrocarbons, whereas nitration of sulphonic 
acids or hydroxy-sulphonio acids gives a number of new 
intermediate products : nitro- and hydroxy-nitro-com- 
pounds, and nitro- and hydroxy-nitro-sulphonio acids. 

4. Reduction converts aU those nitro-compoiinds into 
amines, which oi’e more or less complex according to 
the original nitro-oompound. 

6. On cdh/lation, amines or phenols yield secondary or 
tertiary amines, or phenolic esters. 
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Henoe, commencing with some four or five substances 
of simple composition, an enormous number of inter- 
mediate products is obtained by suitable application 
of these reactions. It wiU be understood that here 
again it will be necessary to limit the number of sub- 
stances mentioned. Being limited to the general rules 
which apply to these various processes, several typical 
examples have been chosen to illustrate the manu- 
facture of the more important intermediate products 
which should be considered in connection with the study 
of dyestuffs. 

The study of the dyestuffs themselves forms the 
third part of this book. As it is necessary to distiii- 
^ish between substances which arc merely coloured 
and those which possess tinctorial properties, it has 
appeared advisable to outhne Witt’s chromophore 
theory, and also the different methods of dyeing by 
which dyestuffs are fixed on textile fibres. In order to 
simplify the study of the chemistry of colouring matters, 
they have been divided into fifteen groups which will 
be examined in order. 

This book has not been written with the object of 
stating the various theories which have been put forward 
with regard to the constitution of organic dyestuffs, 
but is intended for the thoughtful reader who wishes 
to understand the various treatments to which the raw 
materials are subjected, and the mamier m which they 
are earned out in practice in the manufacture of colouring 
matters. Ab the study of these changes is so intimately 
connected with organic chemistry, of which it constitutes 
one of the most attractive chapters, it has appeared not 
only interesting, but absolutely essential to show by 
what particular series of reactions, analytical and 
synthetical, chemists have succeeded in determining 
the structure of the prmcipal colouring matters, such 
as Magenta, AHzarin, Indamine, Indigo, etc. 

To facilitate further reading, it has been considered 
advisable to give some of the original references. The 
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restricted character of this volume does not allow a 
complete bibliography to be given, and only recent 
references have been mentioned, as it is always easy 
to obtain the earlier references from more detailed 
treatises. 

A. WAHL. 

Nanot, 

mh May, 1911 . 


FIRST PART. 


RAW MATERIALS. 


CHAPTER I. 

COAL TAB. 

In the manufacture of organic dyestuffs, a considerable 
number of products obtained from coal tar are used 
as raw materials, and it is for this reason that these 
dyestuffs are sometimes given the name “ Coal-tar 
Colours.” 

The tar is obtained by the dry distillatioii of coal, 
which yields three Idnds of products ; gases, hquids 
(ammoniacal liquor and tar), and a sohd residue of coke. 
This process is carried out in different apparatus, accord- 
ing to whether the distillation is earned out with a view 
to manufacturing illummating gas, or coke for metallur- 
gical purposes. In gas-works, the carbonisation is carried 
out m retorts. Closed brick chambers, arranged in 
parallel in series of 12, 18 or 24, are used as coke- 
ovens. In gas-works, retorts are at present being 
replaced by chambers similar to coke-ovens. The coke- 
ovens are usually erected in the immediate neighbourhood 
of the mine. 

In the original apparatus the gases and condensable 
products which escaped from these ovens were not 
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collected, but were sent into pipes placed in the 
walls of the chambers, where their combustion gave 
the heat necessary to maintam the distillation. In 
1866, a French engineer, Knab, erected coke-ovens at 
Commentry in which the condensable products could be 
recovered, only the gases being burnt. Since that time 
these processes have been perfected, and the use of coke- 
ovens suitable for the recovery of the bye-products is 
now general. Although they were only adopted in 
Germany in 1881, the amount of tar which they have 
product has increased rapidly. The yield of tar from 
coke-ovens in Germany alone was : 

In 1897, 62 thousand tons. 

„ 1898, 78 „ „ 

„ 1900, 93 

„ 1902, 190 „ ,, 

„ 1904, 273 „ 

In 1908, 800 thousand tons of tar, worth about a 
million sterling, were produced : 686 thousand tons from 
coke-ovens, 204 thousand tons from gas-works, 3,060 tons 
from water-gas works, and 8,000 tons from oil-gas 
works. 

The yield of tar depends on the nature of the coal, 
the temperature, and the time of carbonisation ; average 
gas-coal yields 4*7 to 6 7 per cent., and coal for coke- 
manufacture only 1 -3 to 4 0 per cent, of tar, as it is not 
so rich in volatile constituents. 

Com/position of Tar. Coal-tar is a thick black liquid of 
density varying from 1 1 to 1-3. It is a mixture of a 
large number of substances, containing aromatic hydro- 
carbons from the simplest, such as benzene, to the 
more complex, such as retene, picene, chrysene, etc. 
It contains nitrogen, oxygen and sulphur compoimds, 
such as the pyridine bases, phenols, etc., and also 
particles of carbon which give it the black colour. 

Treatment of To/r. The separation of these various 
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products IS ejEEected by a series of operations, partly 
physical, partly chemical, of which a full description 
cannot bo given in this book, but will be found in 
Loroide’s book on the goseons fuels and their bye- 
products (published by Dom et fils, Pans)."'*’ Only a 
r6sum6 of the process will be given 
After the tar has been freed from ammoniaoal liquor, 
it is fractionally distilled from direct fired iron boilers, 
the products being separated into either four or five 
fractions, according to the works. In this separation, 
the temperature and sometimes also the density of the 
distillate are used as a guide The various fractions 
collected have the following names : 

I. Fraction 106-110°, Crude, Naphtha. 

II. „ 110-210°, Light oil. 

III. „ 210-240°, Carbolic oil. 

IV. „ 240-270°, Heavy or Creosote oil. 

V. „ Above 270°, Anthracene oil. 

or only four fractions may besiollocted : 

I. Up to 160°, Light oil (density less than 1). 

n. From 160 to 210°, Medium oil (density gi-eater 
than 1). 

III. From 210° to 280°, Heavy oil. 

IV. Above 300°, Anihracene oil. 

The residue remaining after distiUntion is a thick 
mass called pitch. The naphtha is sejiaratod fronqi the 
water by decantation ; the liquid is first shaken with 
dilute sulphuric acid to remove basic substances, and 
then with concentrated sulphuric acid to resinify the 
unsaturated hydrocarbons and sulphur oompomids 
(thiophen). Finally, after washing twice with caustic 
soda and with water, the product is again fractionally 


Soo also G Lungo, Ooal Tar and Ammonia. 
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distilled, giving benzols and solvent naphtha. On 
redistiUmg these give more or less pure hydrocarbons : 
benzene, toluene, xylenes, etc., which have stiU to be 
further purified. 

The hght oils are distilled and separated into two 
portions : the fraction up to 170® is added to the naphtha 
and treated as described later, the other fraction 
is added to the carbohc oil. The latter contains 
phenols and naphthalene, which are separated by 
shaking with caustic soda, when the phenols dissolve, 
whereas the naphthalene and other hydrocarbons are 
insoluble. On acidifying the alkaline solution, crude 
carbolic acid separates and is fractionally distilled, 
giving phenol and oresols. The insoluble hydrocarbons 
are distilled to give naphthalene. The heavy oils are 
used for lubricating, impregnating wood, etc. ; they are 
also used in the manufacture of illuminating gas, being 
decomposed by heat; the gaseous products formed 
are collected. On leaving to crystallise, anthracene 
oU gives crude anthracene, and on redistilling the 
oil gives a further yield of anthracene. (For details 
see Rispler, Chem.-Ztg , 1910, 84, 261, 279, 286, 349, 
407). 

According to Lunge, the distillation of one ton of 
coal-tar yields on an average : 


Ammoniacal liquor - 
Naphtha - - - 

Light oils - 
Heavy oils 

Pitch - - - 


3-0 gallons. 

6-3 „ 

13-4 to 16 0 gallons. 
68 gallons. 

0-64 ton. 


The relative amounts of the various fraotiopa obtained 
naturally vary with the nature of the coal, the tempera- 
ture of carbonisation and the apparatus in which it is 
effected. If the temperature is low, the yield of tar is 
greater, and it is then richer in light hydrocarbons 
(benzene, toluene, etc.). If the temperature is higher, 
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the volatile products are submitted to the decomposing 
effect of the heated parts of the carbonising apparatus, 
and the amount of light hydrocarbons diminishes, whilst 
that of the more condensed products (naphthalene, 
anthracene, etc.) is inoreEised. This occurs in coke- 
ovens. 

The treatment of the tar is outlined in the diagram 
on the previous page. 



CHAPTER n. 


. HYDEOOARBONS. 


Benzene, is a colourless liquid, of high refractive 
power, possessing a characteristic smell. It boils at 
80-6° and sohdifies at 4° 0. Its empirical formula cal- 
culated from the percentage composition is CH, but 
vapour density determinations show tliat it has the 
molecular formula CaHfl. 

It has been shown that all the six hydrogen 
atoms are equivalent (Eranchimont, Nolting), and should 
therefore be symmetrically arranged. A number of 
structural formulae have been suggested which would 
accoimt for the chemical properties of benzene, the 
one generally adopted bemg that of Kekul6. In this, 
benzene is represented by a regular hexagon, each comer 
being occupied by a OH group ; the carbon atom bemg 
tetravalent, these atoms are linked alternately by smgle 
and double bonds : 


HO 

HO 


OH 

/\ 


OH 


OH 

OH 


or 




The bonds and the carbon and hydrogen atoms are 
often omitted, and benzene represented by a hexagon. 
Amongst the experimental proofs supporting this formula 
may be mentioned the well-known synthesis of benzene 
carried out by Berthelot by heating acetylene to a dull 
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red heat, when it polymerises, giving, amongst other 
hydrocarhons, benzene : 

SCgHg = CgHfl. 

The acetylene having been obtained by direct com- 
bination of hydrogen and carbon in the electric arc, 
Berthelot’s 83 mthesis is a complete synthesis from the 
elements. 

Toluene, C 7 Hg, is a colourless liquid, of b.p. 111°, and 
only sohdifies at a much lower temperature than in 
the case of benzene. Its density at 16° is 0-872. Its 
properties are analogous to those of benzene. It has 
the formula 0 , 118 , and its constitution is established 
by the fact that careful oxidation gives benzoic acid, 
CflHg COOH, the calcium salt of which decomposes on 
heating with soda-hme to give benzene. Toluene is 
therefore methyl benzene, its formula being CgHg . CHg : 


OHb 


HO 

HO 


0 


OH 


OH 

OH 


or 


OHg 

\/ 


^ Xylene, CgEifj, is present in the light oils in the frac- 
tions boiling at about 140°. The xylene so obtained 
is not one substance, but a mixture of the three isomers 
possible according to theory ; 


OH, 

Ach, 

u 

ori/jo -xylene. 


OHg 

/\ 


OH. 


meta-xylene. 


OHg 


\/ 

OHg 

para-xylene. 
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These substances oaimot be separated by distillation, 
as their boUing points do not differ sufficiently ; the 'pa/ra- 
compound is easily isolated by treating the mixture with 
concentrated sulphuric acid, when the ortho- and meta- 
xylenes are attacked, whilst the ^am-xylene remains 
unchanged. All the three compounds are liquids, the 
crude xylene extracted from tar being a mixture of the 
three isomers in the following proportions : 

ortho-x^l&ne (b.p. 142-143°) 10-25 per cent. 

meta-xylene (b.p. 137-138°) 60 „ 

para-xylene (b.p. 136-137°) 10-25 „ 

Cumene, C 9 H 12 , extracted from tar, is also a mixture, in 
which the most important isomer is \p-{pseudo-)onm.ene : 

OHo 

/ V 

OHg 


Commercial prodmts : 

The properties of the hydrocarbons which have 
just been outlined are those of the pure substances 
Commercial samples, called benzols, generally consist of 
a mixture of several hydrocarbons and have different 
names according to the proportions in the mixture. 
In addition to commercially pure benzene, there are 
90’s (known as “ nineties benzol ”), 30’b, 10’s, and O’s 
benzols, that is, 90, 30, 10 or 0 per cent, of the product 
distils below 100° C. (with the thermometer in the 
liquid). Such samples of benzene contain toluene 
and xylenes which can be separated by careful dis- 
tillation. There are other impurities which it is 
impossible to remove by distillation, such as carbon 
disulphide and sulphur compounds (thiophen). It is 
then necessary to resort to chemical processes, which are 
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very mimorous. Carbon disulphide can be eliminated 
by saturating the benzene with moist ammonia, which 
requires about 0 26 per cent, of the gas (Schwalbe, 
Zeitschr. /. Farben- und Texhl.-lnd , 1904, 3, 462). Haller 
and Michel {Bull. Soc. chim., 1896, 16, 390) have out- 
lined a process for removing sulphur compounds which 
consists of treating the benzene with aluminium chloride, 
this being the subject of a patent of the Societe des 
matih'es colorantea de Saint-Denis {D.R.P., 79,606) 
Agitation of the hydrocarbon with sulphuric acid also 
removes thiophen, but at the same time a small 
quantity of the hydrocarbon is sulphonated and becomes 
soluble in water. This may be avoided by first passing 
in a current of nitrous fmnos to resmify the thiophen, 
which is then removed by rapid shaking with con- 
centrated sulphuric acid {Mon. sci., 1906, 499). 

The following table gives the composition of some 
commercial products : 



! 

Benzeno. 

Toluene. 

Xylenes 

Oumaues 

Naphtha- 

lene 

90 ’s Benzol - 

84 

13 

3 

0 

0 

50 ’s Benzol - 

43 

46 

11 

0 

0 

O’s Benzol - 

15 

76 

10 

0 

0 

Solvent naphtha I. 

0 

6 

70 

26 

0 

II. 

0 

0 

36 

60 

6 

Heavy naphtha 

0 

0 

6 

80 

16 


Test for thio^phan in benzene. Several drops of con- 
oontratod sulphuric acid are taken in a test-tube, a small 
crystal of isatin added, and a small amount of the 
benzene added. If thiophen is present, an intense blue 
ooloiu will bo obtained on slinking the sulphuric acid. 

Naphthalene, OiqHs, is the hydrocarbon present to 
the largest extent in coal-tar ; whereas 100 kgm. of tar 
only give on an average 2 kgm. of benzene, ^ kgm. of 
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toluene, and ^ kgm. of phenol, some 6 to 6 kgm. of 
naphthalene are obtained. It is a white solid substance 
with a characteristic odour. It melts at 80°, and boils 
at 218°. Naphthalene sublimes very reacUly, and this 
property is used in its purification. The constitution 
of naphthalene is represented by two condensed benzene 
nuclei : 


HO 

HO 


OH OH 

\/kJ 


OH OH 


CH 

OH 


The formula is estabhshed by the fact that on oxida- 
tion naphthalene yields the dibasic acid, phthahc acid, 
which has the following constitution : 


\/\ 


OOOH 


OOOH 


On oxidisuig nitronaphthalene, a mixture of phthalio 
and nitrophthalic acids is obtained : the naphthalene 
molecule is therefore symmetrical, and formed by the 
fusion of two benzene rmgs. 

Anthracene, C14H10, was discovered in coal-tar by 
Dumas and Laurent m 1832. It is a white crystalline 
sohd, of M.p. 216 6° and b p. 361°. The anthracene 
deposited from the anthracene oil is very impure, and 
does not contain more than 30 to 32 per cent, of anthra- 
cene. It is purified by treating with solvents in which 
it is only slightly soluble, such as pyridine {D.E.P. 
42,053, April 15th, 1887), hquid sulphur dioxide (Bayer 
Co., D.B.P. 68,484 ; F.P. 220,621), acetone (Bayer Oi., 
D.R.P. 78,861), and other substances (Z> B.P. 111,359, 
113,291, 122,862, 164,608, 178,764 (1906)). Finally 
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it ia Bublimed (Rispler, Chem. Ztg., 1910, 84, 261 et seq.). 
Anthracene has the constitution : 


HO 


HO 


HO OH OH 


HO OH OH 


OH 


OH 


If solutions of anthracene are exposed to the action 
of light, a less soluble polymende of anthracene, para- 
aaithracene, of m.p. 244®, is deposited. Anthracene is 
found in tar together with methylanthraoenes, of which 
there are two isomendes, a and 
Phenanthrene, CJ 4 H 10 , is an isomeride of anthracene 
having the formula . 



OH 

HO 

/% 

HO 

\j 


0\ 


OH 


OH 


OH 

0 




V 

/O 

OH 


OH 

OH 


It has M,P. 99®, and b.p. 340°. 


CHAPTER III. 


.THE PHENOLS. 


Phenol or Ca/rbolic acid, GgH^OH. Pure pheuol forms 
colourless pnsmatio needles of charaoteristio odour. 
It has MP. 42° and b.p. 182°. In contact •with air 
it slowly becomes pink. Phenol dissolves in alkalies, 
from which solution it is reprecipitated by acids ; it 
forms true salts with allcahes in which an atom of 
hydrogen in the phenol is replaced by an atom of a 
monovalent metal. Phenol corresponds to the formula 
OgHgOH, its salts or jihenates tb CoHji(OX), as wiU be 
detailed later (see p. 35) ; phenol is easily synthesised 
from benzene by way of benzene sulphonic acid, and 
from this it is obvious that phenol contains the benzene 
nucleus. It is hydrosybenzene : 


OH 

A 

x/ 

Phenol gives a -violet coloration with ferric chloride. 
Creaols, CHg CgH^OH. The cresols, which are present 
together with phenol in crude carbohc acid, are hydroxy- 
toluenes ; there arc three isomers : 


OHg OH 3 

/\0H /N 




ortho-Gxeso ] , 

M.p. 30°, B.p. 188-5°. 


wieJa-cresol. 

M p. 4°, B.p. 200°. 


GHg 

/\ 


OH 

jjam-orosol. 

MP. 36°,b.p.199°. 
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They are present in the following proportions : 

ortho - - - - 36 per cent. 

meta - - - - 40 „ 

para - - - - 26 „ 

The cresols are used as raw material in the manufacture 
of certain dyestuffs and as antiseptics. The mixed 
cresols are on the market as a colourless liquid, boiling 
at 186° to 285°, under such names as “ tricresol,” 
“ enterol,” etc. The slight solubility of oresol in water 
(2 per cent.) is a disadvantage for its use as an anti- 
septic, although its bactericidal power is much greater 
than that of the more soluble mixture of phenol and 
soap (“ sapocarbol ”). 



SECOND PART. 


INTERMEDIATE PRODUCTS. 

With comparatively few exceptions the raw materials 
described in the precedmg chapter cannot be directly 
converted into dyestuffs. It is first of all necessary to 
convert them into mtermediate products which difEer 
in properties from the raw materials due to the intro- 
duction of now groups. These mtermediate substances 
are obtained by a number of verysunple general reactions, 
of which the main ones can be referred to five types 
which will be described in the foUoiving order : 

1. Sulphonation. 

2. Alkaline fusion. 

3. Nitration. 

4. Reduction of nitro-compounds. 

6. Alkylation, 

Only the general principles relating to these different 
operations will be indicated, with an outline of the 
manner m which they are used hi practice. 



CHAPTER IV. 


SULPSONATION. 

Since 1834 it has been known that, on heatmg certain 
aromatic hydrocarbons with concentrated Bulphuric 
acid, they become soluble in water and alkaUes. This 
reaction has since been made of a general character, and 
may be applied to a very large number of organic 
substances, which are converted in this way into ml- 
^komc acids. The readiness with which substances 
sulphonate varies considerably. Some, such as benzene 
and toluene, are converted into sulphonic acids even by 
ordinary cold acid ; others require the use of mono- 
hydrated (100 per cent. H2SO4), or fummg acid contain- 
ing more or less sulphuric anhydride It is sometimes 
even necessary to work at a high temperature with 
an acid which contains a large amount of anhydride. 
Under these conditions it is often difficult to hmit the 
action to the formation of monobasic acids, and there 
result disulphonic, trisulphonic or polysulphonic acids 

Constitution of the sulphonic acids. The mechanism 
of sulphonation is very simple. In the case of benzene 
the reaction is • 

OeHe + HaSO^ = CaHeSOa + HaO. 

The benzene sulphonic acid thus obtained gives weU- 
defined salts with bases ; the sodium salt has the com- 
position GgHgSOgNa, one atom of hydrogen in the 
original acid being replaced by an atom of sodium. As 
there is only one hydrogen atom which possesses tbia 
property, the formula CgHaSOg is written as CeHg.SOgH. 
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The complex SO 3 H has been given the name “ sul- 
phonic acid group,” and avZphonation may be regarded 
as an operation by which an aicm of hydrogen in an 
organic compound is replaced by the aulphonic acid group. 
If this substitution is repeated two, throe, or more 
times, di-, tri- or polysulphonio acids are obtamed. 
According to the relative positions which these groups 
take up in the molecule, a greater or less number of 
isomers can exist. Amongst the factors which exert the 
greatest influence on the orientation of the sulphonic 
group or groups may be mentioned the temperature, 
concentration of the sulphuric acid, the duration of the 
reaction, and the presence of substituted groups before 
sulphonation. The addition of small quantities of 
mineral inorganic substances, such as mercury salts 
and boric acid, exerts a peculiar cataljrtic influence on the 
rate of sulphonation, causing a different orientation of 
the sulphonic acid group (Iljinsky, Ber., 1903, 36, 4194 ; 
Schmidt, Ber., 1904, 37, 66 ; Liebermann and Pleus, 
ibid., 646 ; Faxbenfabriken Bayer, D.RJP. 149,801 ; 
Hjinsky, BJP. 26,738 (1903) ). 

The sulphonic acids are also obtained by the action 
of ohlorsulphonio acid on organic compounds, thus : 

R-H +CISO3H =R . SO3H +HC], 

where R is an organic radicle. This method is not of 
frequent application. 

Practical Details of Sulphonation. 

If sulphonation is to be carried out with fummg 
sulphuric acid of a certain concentration, it is first 
necessary to prepare the acid by mixing ordinary 
sulphuric acid with the necessary amount of fuming 
acid, which is at present sold in commerce with 76-90 
per cent. SO 3 content. Formulae exist from which it 
is easy to calculate the proportions of the mixture. For 
example, if a is the percentage of anhydride to bo con- 
tained in the required acid, b the strength of the fuming 
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acid available, and c tbe concentration of the ordinary 
acid, then the amount a: of this acid which it will be 
necessary to add to 100 parts of fuming acid is given by 
the formula: ^ 22(&-a) 

*“l00+0-22(a-c) ■ 

Recently Prats {Ghem. Ztg.^ 1910, 34, 264) has given 
a modified formula ; thus, to prepare an amount a of 
fu ming acid, containing Ji per cent, of SOg, from an 
amount a; of a fummg acid containing k per cent. SOg 
and an amount y of an ordinary acid containing s per 
cent. HgSO^- ^ 9A -1-40(100 -s) 

*"^9^ -1-40(100 - 5 )' 
y=a—x. 

The substance to be sulphonated is often dissolved in 
the ordinary sulphuric acid and the calculated amount 
of fuming acid added. 

Apparatus. The sulphonation is carried out in cast- 
iron vessels ; m case ordinary sulphuric acid is used 
without addition of fuming acid, it is preferable to have 
a lead-hned apparatus. The cover is provided with a 
certain number of holes (Fig 1). 

A is for mtroducing the fuming acid and the sub- 
stance to be sulphonated. 

B is for the axis of the stirrer. 

<7 is a cast-iron pipe passing to the bottom of the 
vessel to which a pipe F can be joined for emptying 
the vessel. 

D is the thermometer. 

After having introduced the necessary amount of 
sulphuric acid of the desired concentration, the substance 
to be sulphonated is added in small portions through the 
opening A. The readings of the thermometer enable 
the progress of the operation to be followed, and, accord- 
ing to whether the process is to be effected at a low or 
high temperature, cold water or steam is circulated 
through the outer jacket which surrounds the vessel. 
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For higher temperatures the vessel is placed in an 
oil-bath. 

The progress of the sulphonation is followed by 
taking a small sample from time to time, and examining 
its solubihty in water or in alkalies, according to the 
substance being prepared. When the reaction is 
finished, the opening A is closed by a clamp plate, the 
stirrer is stopped, the tube F connected to C, and com- 
pressed air passed into the apparatus. 


' 1 * 



FlO 1 — Apparatus for Sulphonation Prooess 


For this purpose the axis of the stirrer is generally 
made hollow, and it is only necessary to coimeot it 
with the compressed air supply. The sulphonated pro- 
duct flows out by pipe F, and is collected in a large lead- 
lined wooden vat oontainmg cold water or ice. The 
sulphonio acid may be insoluble or soluble in water. In 
the flrst case, the precipitated sulphonio acid is removed 
by using a filter-press, after having diluted sufficiently 
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with water. In the second case, two methods are avail- 
able for isolating the sulphonic a^jid from its solution. 
Sometimes the addition of common salt causes the 
precipitation of the sodium salt of the sulphomc acid, 
which is then readily filtered off. If this method is not 
successful, the sulphuric acid is neutrahsed by slaked 
lime, the calcium sulphate formed being removed by 
using a filter-press, when the calcium salt of the sulphonic 
acid passes through into the filtrate. This solution is 
then treated with sodium carbonate, giving a solution 
of the sodium salt of the sulphonic acid, which is often 
used as such for imiiher operations. 

Details of the plant used for the manufacture of 
sulphonic acids are given in Fig. 2. 



A is the vessel in which the sulphonation is effected. 
When the process is finished, the product is conveyed 
into the vat B, which is hned witib. lead and contains 
sufficient water to finally dilute the solution to 5 per cent, 
acid content. If the acid is soluble, common salt or lime 
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is added to B, and then the contents of the vat are run 
into an underground reservoir Jf, which is a compressor 
This apparatus is provided with a number of fittings 
ill its upper portion as indicated in the figure. C com- 
municates with the vat B. D is used to connect the 
compression apparatus with the atmosphere, is a 
pipe passing to the bottom for leading the product into 
the ^ter press F, 0 is the entrance for compressed 
air. 

When the content of the vat B has been discharged 
into the vessel M, the taps G and D are closed and 
B and G opened. The liquid with the precipitate 
which it retains in suspension is forced into the filter 
press, which retains the precipitate and allows the liquid 
to pass. 

. Principal Sulphonic Acids of the Hydrocarbons. 

Derivatives of Benzene. 

Benzene monomlpTionic acid, CgHs • SObH, is obtained 
by boiling equal volumes of benzene and concentrated 
sulphuric acid for twenty-four hours, under a reflux 
condenser ; or by heating one part of benzene and five 
parts of concentrated sulphuric acid for two days m 
an autoclave at 100'’. The product is poured into 
water, saturated with hme, and the filtrate from the 
calcium sulphate concenti'ated. 

Benzene disidphomc add, 0eH4(S08H)2. K benzene 
or its monosulphonic acid is Seated with an excess of 
fuming sulphuric acid, a mixture of the two isomeric 
disulphonic acids {meta and para) is formed : 
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Larger quantities of the meia -aoid are formed at 
lower temperatures and when the reaction is of short 
duration. The following is an example of a commer- 
cial preparation {Mon. aci., 1878, 1169). Fifty parts 
of benzene are stirred with 200 ports of concentrated 
sulphuric acid at a temperature of 40°, rising gradually 
to 100° ; when all the benzene has disappeared, the 
liquid is heated for one or two houis at 276°, allowed 
to cool, and then poured into 1,000 parts of cold water 
and neutralised by hme. The liquid which flows out of 
the filter-press is decomposed by potassium carbonate 
and the solution filtered from the calcium carbonate 
and evaporated until its sp. ge. is 1-276. On cooling, 
the potassium salt of the m-disulphomc acid crystalhses 
out, whilst that of the isomer remains in solution. 


Derivatives of Toluene. 

On treating toluene with concentrated sulphuric acid 
or fuming acid which does not contam much anhydride, 
a mixture of the three isomers {ortho, meta, and pa/ra) 
IS obtained. Of these acids, the ortho- and pma- are 
the most important ; the first is used in the prepara- 
tion of saccharin, and the second gives j3-oresol on 
fusion M'ith alkah. There are a number of processes 
{D.MP., 36,211, 67,391) available for isolating these 
acids from their mixture. 


Derivatives of Naphthalene. 

On sulphonation naphthalene gives two isomeric mono- 
sulphonio acids, termed naphthalene a- and ^-mono- 
sulphonic acids, of the following constitutions : 


SOgH 


w 

a-acid 


/\/\ 


)tf-aoid. 


SOgH 
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In the case of the di- and ^i-su^h6mc aioids, tEe^ 
isomers become more mimerdi^s^,^d it is necessary to 
have a defimte nomenclature^ 'Thfe-^is done by dis-_ 
tinguishing the carbon atoms of'^e n^pEth:ailene'nacl:eu&- 
by numbers or Greek letters, oomm^dilig 'aE. ,thfi top', 
of the right-hand ring : ''■“ ' 

a a 


/hs 


' O N 

7 

2 

6 

3 


or 


\W/ 


KJ\Jp 


Naphthalene Monosnlphonic Acids * 

When naphthalene is treated mth concentrated 
sulphuric acid, a mixture of the a- and yS-monosulphonic 
acids is obtained m var3dng proportion according to 
the temperature. Thus at 100° the mixture contains 
80 per cent, of the a-aoid and 20 per cent of the jQ-acid, 
whilst at 170° it contains 76 per cent, of the j8-acid and 
only 26 per cent, of the a-acid. This shows that the 
a-acid is not stable at high temperatures, and to obtain it 
the preparation must be carried out at a low temperature. 
According to the recent researches of Euwes {Rec. trav. 
cli. P.B., 1908, 18, 298) the pure a-acid is obtained by 
treating naphthalene with the ec[uivalent amount of 
sulphuric acid at a temperature of 80°. On heating 
the naphthalene with double its weight of concentrated 
sulphuric acid at a temperature lower than 80°, only 
the a-acid is produced in appreciable (quantities ; by 
using the same proportions of the reacting substances, 
but heating for six to eight hours at 180°, the ^-acid is 
formed almost exclusively. 

The acids may be separated by making use of the 
different solubihties of their calcium, barium, lead, 

*See G. Schultz, Die Cfliemie des Stemkohlenteers, Braun- 
schweig, 1900, vol. i., 186. 

1794 . 
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etc., salts ; the salts of the y8-acid are less soluble than 
those of the a-aoid. 

a.-Mo7iosulp}ionic Acid. This acid is prepared com- 
mercially by heating 150 to 176 Idlograms of concen- 
trated sulphuric acid to about 40°-50° in a cast-iron 
vessel (Fig. 1), and then adding 100 kilograms of finely 
powdered naphthalene in small portions The sulphona- 
tion commences immediately, and, when almost aU the 
naphthalene has disappeared, the liquid is poured into 
water, neutralised with hme and filtered. The filtrate 
is decomposed by sodium carbonate, filtered, and the 
Uquor concentrated until the sodium salts orystalhae out, 
when they are separated by fractional crystallisation. 

^-MonosulpTLcmic Acid. 100 kilograms of naphtha- 
lene are added to 100 kilograms of warm concentrated 
sulphuric acid , the mixture is heated at 160° for three 
hours, then raised to 170°, and finally heated for one 
hour at 180°. The product is then allowed to cool 
and is poured into salt solution, when the sodium salt 
of the naphthalene ^-sulphonio acid orystaUises out, 
whilst the small quantity of the a-isomer and of the 
disulphonic acid remain in solution. 

Naphthalene Disulphonic Acids. 

The further sulphonation of the two naphthalene 
monosulphonio acids yields different mis:tures of the 
isomeric disulphonic acids accordmg to the experi- 
mental conditions. The second sv,l<phomc cLcid group 
never ent&rs the ring to which the first group is attcwhed. 
Hence naphthalene a-sulphonic acid gives a mixture of 
the 1 . 6- and 1 . 6-disulphoiiio acids, and the )S-acid 
a mixture of the 2 ; 6- and 2 * 7-acids. These two acids 
are very important and may be obtained direct from 
naphthalene. Thus, on heatmg one part of naphthalene 
with five parts of sulphuric acid for four hours at 160° 
no monosulphonic acid is obtained, but there is produced 
a mixture of the 2 : 6- and 2 : 7-disulphonic acids : 
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/Ny\ 


SOgH 


and 


SOgHi 


/^x/\ 


SOgH 


The first of these acids is often called naphthalene 
j8-disulphonic acid, the second being known under the 
incorrect name of naphthalene a-disulphonic acid. If 
the sulphonation is carried out at a higher temperature 
for twenty-four hours, the 2 : 7-aoid disappears and the 
2 : 6-aoid is the main product ; the same result can be 
obtained by sulphonating naphthalene ^-monosulphonic 
anid. To separate the two disulphonic acids, they are 
converted mto their calcium salts ; that of the 2 : 7-acid 
is the most soluble. Use may also be made of the fact 
that the calcium salt of the 2 : 6-aoid is insoluble in a 
saturated salt solution, whereas the calcium salt of the 
2 : 7-acid dissolves in this solution on heating. (Ebert 
and Mertz, Ber., 1876, 9, 609 ; Baum, DJiJP. 61,730 ; 
Grtinau, LandshoflE and Meyer, D RJP. 48,063.) 


Naphthalene Trisnlphonic Acids. 


Of these acids, one of the most important is the 
1:3:6 acid ■ 


SOgH 

/v^ 


SOgH 




This acid was discovered by Gtlrcker and Eudolph 
(jD.EP. 38,281), who obtained it by the foUowmg 
method . one part of naphthalene is added to eight 
parts of fuming sulphuric acid containing 24 per cent, of 
anhydride, and the mixture heated for several hours 
at 180®. Another method is to add one part of naphtha- 
lene to six parts of fuming sulphuric acid containing 
40 per cent, of anhydride, taking care to keep the 
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temperature below 80° C., tbe heating being continued 
on a water-bath until all the anhydride has disappeared, 
when the hquid is poured into water, neutralised with 
hme, and treated as usual. 

Sulphonic Acids of the Phenols 

Phenol sulphonic acids. Kekuld {Ber., 1869, 2, 330) 
showed that sulphuric acid acts on phenol even in the 
cold, giving a mixture of the ortho- and ^ara-sulphoiiic 
acids ; the latter acid is formed as the principal pro- 
duct when the reaction is carried out at higher tempera- 
tures. The separation of these acids is a matter of 
considerable difficulty; according to Obermiller (Rer., 
1908, 41, 696), the most convenient method is tho 
fractional crystallisation of their barium or magnesium 
salts. 



CHAPTER V. 


, AiKALINE FUSION. 

In 1867, Wfirtz and Dusart in France and Kekul4 in 
Germany discovered simultaneously that, on fusing 
benzene monosulphonio acid with oaustio potash, potas- 
sium phenate and sulphite are produced : 

CeHgSOaK -h2KOH = CflHgOK -f-KaSOs 

This reaction may be applied to the greater number of 
the sulphonic acids, which are converted in this manner 
mto phenols. Alkaline fusion is hence a process by which 
the sulphonic acid grovp SOgH may he replaced by the 
hyd/roxyl grovp OH. 

Other methods are available for the synthetic pre- 
paration of the hydroxy-hydrocaxbons : for example, 
the amido-derivatives may be converted into di^o- 
compounds and these decomposed by water, or the 
amido-compounds may be heated under pressure with 
water. The conversion of an amine into phenol or 
naphthol can be effected by treatment with an excess 
of a solution of sodium bisulphite (sp gb. 1 32 to 1 38), 
and subsequently saponifying with aqueous alkali : 

R . NHg -t-NaHSOg =ROSOaNa -i-NHg 
ROSOgNa -f 2NaOH =R . ONa + NagSOg +H 2 O. 

Alkaline fusion of the di-, tri- or poly-sulphonio 
acids under certain conditions causes the successive 
replacement of one, two or more sulphonic groups by 
hydroxyl groups, giving hydroxy-sulphonio acids or 
polyphenols. Hence this constitutes a very .general aijid 
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important synthetic process. It has recently been 
extended by Sachs {Ber , 1906, 39, 3006 ; D.R.P. 
173,522 (1904), BF. 359,064 (1905), D.BP. 181,333 
(1905) ), who, noting the analogy between the formulae 
of caustic soda and sodamide : Na(OH), Na(NH 2 ), has 
fused the sulphonic acids with sodamides. In this 
manner the sulphomo group is replaced by the amido- 
group 

CeEgSOaNa + NaNHa = NagSOs + 

Atkahne fusion may also be applied to halogenated 
derivatives 

Practical Details of the Alkaline Fusion Process. 

The alkali generally used is caustic soda, the action 
of which IS not always the same as that of caustic 
potash. The solid alkali is heated m an iron vessel 
fitted with a stirrer with a small amount of water until 
the mass is completely liquid, and to this is added the 
sulphonated derivative The temperature and length 
of the reaction vary with the nature of the product. 
The fusion requires a high temperature which sometimes 
^eatly alters the organic substance. In such oases 
it is convenient to replace the fused alkali by a more or 
less concentrated solution, carrymg out the operation 
in a closed vessel capable of standing the pressure 
(an autoclave) ; the more dilute the a3:alme solution 
the higher the temperature at which the process may be 
carried out. Substances may also be added to lower' 
the melting point, for example, a mixture of alkalies 
(caustic soda and potash, alkalies and alkali alcohol- 
ates) may be used. It is to be noted that in the case 
of the complex polysulphonio acids, the concentration 
of the alkah exerts an important influence on the nature 
of the compound formed, as the sulphonic group 
eliminated by concentrated or fused alkali is not always 
the same as that which is eliminated by dilute caustic 
alkali. {I)Ii.P 68,721). 
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WMchever method is used, when the reaction is 
finished, the product is poured into water, acidified with 
a mineral acid, boiled to free from sulphur dioxide, and 
allowed to cool. If the phenol is insoluble, it is easily 
separated ; in case it is soluble, it is separated by steam 
distillation, or shaking with a suitable solvent, or, when 
dealing with a phenol sulphonic acid, it is isolated as m 
the case of a sulphonic acid. 


Phenols Derived from Benzene. 


Synthesis of Phenol. 100 parts of sodium benzene 
sulphonate are fused with 75 parts of caustic soda, tho 
temperature being raised to 300°, and then gradually to 
330°, this temperature being maintained until the mass 
has become hquid. The melt is poured into water, 
acidified, and the phenol separated. The yield is about 
80-90 per cent of the weight of sulphonate used. (G. 
Schultz, Die Ghemie des Steinkohlenteers, 1000, vol. i., 139.) 

Dihydroxybenzenes, CaH 4 (OH) 2 . 


OH 

OH 

OH 



A 

NX 

\JoH 

\x 



OH 

Pyrooatechol 

Resorcinol 

Quinol (hydroquinone ) 


All three isomers are important ; they are obtained by 
very different methods. The only one of mterest at 
present is the one for which alkahne fusion is used, 
weia-dihydroxybenzene or resorcinol. 

Preparation of Resorcinol. Sixty kilograms of sodium 
benzene disulphonate are heated at 270° with 160 kilo- 
grams of caustic soda in an iron vessel fitted with a 
stirrer. The resulting mass is dissolved m 600 litres 
of water, acidified with sulphuric acid, filtorod, and 
the sodium sulphate allowed to crystallise out. Tho 
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resorcinol is extracted by repeatedly shaking -with ether 
in closed vessels , after distilling off the ether, the white 
residue is purified by distillation or sublimation. Resor- 
cinol forms rhombic crystals of m 118°, b j*. 276-6°. 

Hydroxy-Derivatives of Naphthalene. 

By alkaline fusion the naphthalene monosulphonio 
acids are converted into phenolic compounds caUed 
‘ ‘ naphthols ’ ’ The naphthols aje related to naphthalene 
in the same way that the phenols are to benzene. Just as 
there are two naphthalene monosulphonio acids, so two 
naphthols are known, a and P . 

OH 

V\/ 

a-naphthol 
Prepa/ration of NaphtTiols. 

^-Naphthol. Two parts of caustic soda, to which has 
been added a small amount of water, are fused in an 
iron vessel provided with a stirrer, and one part of 
dry, powdered sodium naphthalene /S-sulphonate added, 
the temperature bemg gradually raised to 300°. When 
the reaction has finished, the product is dissolved in 
water and decomposed with acid ; the precipitated 
^-naphthol is dried and purified by distillation in vacuo. 
In this preparation the fused caustic soda may be 
replaced by a concentrated solution, the heating being 
carried out in an autoclave at 270° -290°. 

a-N(ypMhol may be prepared by fusing naphthalene 
a-sulphonic acid with caustic soda, but it is preferable to 
use the method which involves the substitution of 
OH for the amido-group in o-naphthylamine. This 
replacement can be carried out in a very simple manner 



/3-naphthoI. 
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by beating the sulphate or hydroohloride of a-naphthyl- 
amine in an autoclave •with water at 200° for three or 
four hours, when a-naphthol and the corresponding 
ammonium salt are produced. (Meister, Lucius & 
Bnining, D.R.P. 74,879.) 


NH2HO1 

/N/\ 


+ HjO = 




OH 




+ NH401 


Another method is to convert a-naphthylamine into 
the diazo-oompound (see p. 98), and from this into 
a-naphthol by boilmg. 

Properties of the Naphthols. a-Naphthol is a solid 
crystalline substance, colourless when pure, but becomes 
brown on exposure to air. It is insoluble in water, 
very soluble in alcohol, ether, and other organic solvents ; 
it melts at 96° and boils at 278-280°. ^-Naphthol is 
similar to the a-oompound, but has a slightly different 
smeU ; it melts at a higher temperature, 122°, and may 
hence be distinguished from a-naphthol, which melts 
in boibng water ; it boils at 286-286°. Like the 
phenols, the naphthols are weak acids, being soluble 
in caus-tio alkalies, but not in allcaline carbonates. 


Naphthol Sulphonic Acids. 

The naphthol monosulphonic acids can be obtained 
in different ways : 

1. By alkaline fusion of the disulphonic acids ; 

2. By sulphonation of the naphthols. 

The naphthol di-, tri- or poly- sulphonic acids can 
be similarly prepared by alkaline fusion of the naphtha- 
lene polysulphonic acids, but it is better to sulphonate 
the naphthols, as alkahne fusion of the polysulphonic 
acids often yields dihydroxy-naphthalene sulphonic 
acids. 
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1. Formation by Alkaline Fusion. 

Naphthalene 2 : 7-disulphonio acid can be converted 
into /3-naphthol monosulphonic acid and then into 
2 . 7-dihydroxynaphthalene. 


SOgHi 


/V\: 


sogS so 2^1 




OH OH| 


/X/\ 




lOH 




2 . 7-Naphthol sulphonio acid or “ F acid ” is prepared 
as follows (D.B.P. 42,112 and 46,221) : 100 kilograms 
of sodium naphthalene disulphonate are made into a 
paste with 400 kilograms of a 60 per cent, solution of 
caustic soda, and heated at 200-260° until an acidified 
sample gives traces of 2 . 7-dihydrox3maphthalene on 
extraction with ether. The mixture is then poured into 
1,000 litres of water, acidified with hydrochloric acid, 
freed from sulphurous acid by boiling, and allowed to 
cool, when the sodium salt of F acid crystallises out. 

X 2 : 7-Ihhydroxyna^hthalene. One part of sodium 
naphthalene-2 . 7-disulphonate is fused with two and a 
half parts of caustic soda at a temperature of 290-300° 
in an atmosphere of hydrogen. On acidifymg and 
extracting with ether, evaporation of the ethereal solu- 
tion gives crystals of the dihydroxynaphthalene (Ebert 
and Mertz, Ber., 1876, 9, 609). 

rl-Na^hthol-3 . 6-disuI^honic acid is obtained by heating 
the naphthalene trisulphonic acid with caustic soda at 
170-180° 38,281). 


2. Sulphonatiou of the Naphthols. 

Derivatives of a-na/pMhol. (Friedlander and Taussig, 
Ber., 1897, 30, 1466). a-Naphthol sulphonates readily ; 
on heating with concentrated sulphuric acid at 60-60° C. 
it yields a mixture of the 1 . 2- and 1 . 4-monosulphonic 
acids and a small amount of disulphonic acid. By 
carrjdng out the operation at 40° with a slight excess of 
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concentrated sulphuric acid, the sulphonation may Lo 
limited to the production of a mixture of the mono- 
sulphomc acids . 

OH OH 



SOgH 

1 : 2-aoid. / 1 : 4-aoid. 


The 1 ■4-acid is the most important and is callo<l 
Nevile and Wmther’s or N W. acid. To separate it from 
the 1 : 2-isomer, the property of diazo-compouiids to 
► react with the two acids at different velocities is usotl, 

the 1 • 2-acid reacting first. When the reaction 
completed the azo-dyestuff formed is precipitated, by 
salt and separated, when the filtrate is a solution <.)E 
N.W. acid, which is generally employed directly. 
yield is 80 to 86 per cent, of the theoretical. 

Nevile and Wmther’s acid may also be obtained liy 
diazotising 1 • 4-naphthylamme sulphonio acid, usually 
termed napMhionic acid (see later, p. 62), and tlioii 
bm'lin g with water (Nevile and Winther, Ber , 1880, 13, 
1940 ; D.B.P. 26,012) ; or heating naphthionic acid with 
caustic soda {D.B.P. 46,307), thus : 



SOgWiL 

Finally, on heatmg 1 :4-chlomaphthalene sulphonio aoi< I 
with caustic soda, N.W. acid is obtained {D.B.P. 77,440). 

- No/phthol di- and tri-sul^honic acids. Of those aoulw, 
the most important are those which may be obttuiuul 
directly by sulphonation of a-naphthol ; these art) 
l-naphthol-2 . 4-disulphonic acid and l-nai)hthol-2 : 4 : 7- 
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trisulphonic acid {D.R.P. 10,785 and 77,996), wliioh, arc 
used for the preparation of nitro-dyestuffs. 


OH 



SOj^ 


and 


OH 


SO3H1 


/x/\ 


SOoH 


SO3H 


Derivatives of ^-na^Mhol. The sulphonated deriva- 
tives of |5-naphthol are more important than those of 
a-naphthol. 

On treating /d-naphthol with ooncontrated sulphuric 
acid at the ordinary temperature, there is first formed an 
unstable 2-naphthol-l-sulphonic acid, which, on con- 
tinuing the reaction in presence of an excess of sul- 
phuric acid, is converted into a mixture of the -Lavo 
acids, 2-naphthol-8-sulphonic acid, or crooein acid, and 
2-naphthol-6-sulphonio acid, or Schaffer acid. 


SO3H 




SOsH 


w 


/x 


and 


SOgH 




oir 


(2:8) . Schiiifer acid (2 : 0) 


The relative proportions of 2:8 and 2 : C acids ob- 
tained depends on the temperature, amount of acid, 
and length of the reaction. On sulphonating /0-naphihol 
wjth twice its weight of sulphuric acid at a temperature 
of 40-60°, there is formed almost as much 2 : 8-aoid 
as 2 : 6-acid. Grocein acid (2 : 8) is obtained in larger 
quantity by carrying out the sulphonation in the cold, 
and allowmg to stand for several days ; on the other 
hand, Schaffer acid is formed in larger amount at 100“. 

The disulphonic acids are produced on sulphonating 
with a larger amount of sulphurio acid at a temperature 
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of 110® ; with fuming sulphuric acid the trisulphonic 
acid is formed. 

Grocein or Bayer acid, when prepared, contains some 
of its isomer, from which it can be separated in several 
ways. One part of finely powdered /3-naphthol is added 
to two parts of warm sulphuric acid (168° Tw.), and the 
mass heated, the temperature being kept between 60® 
and 60°. When the naphthol has disappeared, the liquid 
is poured into water, neutralised with hme, and the mono- 
sodium salts, CioH0(OH)SO3Na, isolated as usual. To 
separate these, they are converted into neutral salts, 
which aie then treated with alcohol. The salt of crocem 
acid dissolves, whereas that of Schaffer acid is insoluble. 
There are other methods available for this separation 
[D R.P. 26,231, 30,077, and 33,867. See also G. Schultz, 
Ber., 1884, 17, 461 ; Claus and Voltz, Ber , 1886, 18, 
3166 ; Schaffer, Joum. f. prakt. Ghem., 1869, 106, 449). 

Dimlphonic acids. By further sulphonation the 2 : 8 
and 2 • 6 monosulphonic acids are converted into di- 
sulphonio acids. Thus, orooein acid gives 2-naphthol- 
6 : 8-disulphonic acid, generally called “ G acid ” : 


SOg£[ SOglB! 



On sulphonation Schaffer acid gives a mixture of the 
2:6- 8-acid and an isomer 2:3:6, called “ B acid ” : 






G acid. 


B acid. 
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From this it will be easily understood that on energetic 
sulphonation /3-naphthol will give rise to a mixture of 
these two acids. They are separated by using difEer- 
ence in the solubility of their sodium salts in alcohol 
or in a saturated salt solution. The sodium salt of 
G acid dissolves in alcohol, whilst that of R acid is 
insoluble 3,229) ; also the salt of G acid is 

more soluble in a saturated salt solution than the salt 
of R acid {D.B.P. 33,916 (1886) ). Finally, they may 
be separated by oombining with a diazo -compound, this 
takin g place more slowly with G acid, which may hence 
be isolated {D R.P. 26,491). 

The 2-naphthol-3 • 7-disulphonic acid, obtained by 
sulphonation of 2-naphthol-7-sulphonio acid {DM P. 
44,079 ; and Wemberg, Ber., 1887, 20, 2906 ; see p 38), 
is called S-acid. 

Trisulphonic aczds. Sulphonation of R and G acids 
yields the same acid, 2-naphthol-3 . 6 . 8-trisulphonic 
acid. 


SO3H 


SO3H1 


SO3H 




SOsH? 


lOH 


/\/\ 




ISO3H SO3HI 




OH 

SO3H 


This acid is more easily obtained by sulphonating 
/3-naphthol with fummg acid at about 140-160“ {DM.P. 
22.038). 



CHAPTER VI. 


NITRATION. 

CoiJD concentrated nitric acid reacts with most aro- 
matic compounds, converting them into nitro-deriva- 
tives This reaction is generally accompanied by the 
development of a considerable amount of heat, and it 
is necessary to keep this within certain limits so that 
the reaction is not too vigorous. Under these con- 
ditions, the nitration yields a nitro-derivative and 
water. Thus, in the case of benzene, the reaction may 
be expressed by the equation . 

CeHfl + HNO3 = CoHgNOa + HgO. 

Thus, miration may he comidered as a process by which 
a hyd/rogen atom from the ring of an aromatic compound 
is replaced by the niiro-group (NO 2 ). 

Nitration may be effected by usmg the theoretical 
amount of acid, but the water formed m this reaction 
exerts a retarding action owing to the resulting dilu- 
tion of the acid Sometimes this dilution is reduced 
by using a large excess of nitric acid, but in this 
case it becomes difficult to limit the nitration to the 
formation of a mono-nitro-derivative, and di-, tri- or 
poly-nitro-derivatives may be produced by the substitu- 
tion of nitro-groups for 2, 3, or more, hydrogen atoms. 
The most convenient method for avoiding the dilutmg 
effect of the water is to remove it as fast as it is formed. 
This is easily done by carrying out the nitration in 
presence of concentrated sulphuric acid ; for this, a 
mixture of sulphuric acid with the required quantity of 
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concentrated nitric acid, known aa “ mixed acid,” is 
used. 

In certain cases when it is essential to use nitric acid 
free from water, the mixed acid is prepared by dissolving 
dry powdered potassium nitrate in sulphuric acid, the 
acid potassium sulphate formed remaining in solution. 

Recently a mixture of fuming nitric acid and acetic 
anhydride has been used for the nitration. This mixture 
has somewhat peculiar properties, and the products 
which it yields are often different from those given by 
mixed acid or fuming nitric acid (Orton, J.G S , 1902, 
81, 806 ; Marquis, BuU. Soc. chim., 1903, 29, 276 ; 
Bouveault and Wahl, ibid , 1904, 31, 847 ; Witt., Ber., 
1906, 89, 3901). Possibly this mixture contains the 
mixed anhydride of acetic and nitric acids recently 
isolated by Pictet and Khotinsky {Ber , 1907, 40, 1163). 

Practical Details of the Nitration The compound to 
be nitrated is placed in a cylindrical cast-iron vessel, 
fitted with a stirrer, and closed by a cover which has 
an opening for the gradual introduction of the mixed 
acid. Another opening is fitted with an iron tube, 
in which is placed the thermometer. The vessel is 
put into another larger one, in which water can be 
circulated to regulate the nse in temperature A tap 
IS provided at the- bottom of the apparatus for drawing 
off the contents. When the reaction is complete, the 
product is run into water ; mtro-compounds are 
generally insoluble in water, some being liquids, others 
crystalline. After standmg for a sufficient length of 
time, the nitro-derivative is separated by decantation 
if it is liquid, or by filtration if solid, is shaken several 
times with water to free from acid, and then purified 
by distillation or crystallisation. 

With regard to the acid solution from which the 
nitro-derivative has been separated, it only contains a 
small amount of nitric acid, as only the theoretical 
quantity of acid is used, and moreover the reaction 
is generally quantitative. On the other hand, the 
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solution contains all the sulphuric acid, and this is 
recovered by concentrating in lead-hned vessels ; this 
treatment destroys any organic substances present, and 
eliminates the nitric acid. 


Nitro-Derivatives of the Hydrocarbons. 

Derivatives of Benzene. 

Nitrobenzene, CgHgNOg, was discovered by Mitscher- 
hch in 1834, by treating synthetic benzene with nitric 
acid , in 1847, Mansfield prepared the same product by 
nitratmg benzene obtained from coal-tar. At present 
nitrobenzene is a very, important commercial product, 
the apparatus used permitting the nitration of several 
hundreds of kilograms at the same time. The mixed 
acid necessary for the nitration of 100 kilograms of 
benzene, made by mixmg 116 Idlo^ams of nitric acid 
(90“ Tw.) and 180 kilograms of sulphuric acid, is poured 
slowly into the benzene. At the commencement of 
the reaction, the liquid is cooled by a current of water 
passing through the apparatus, but towards the end the 
temperature is allowed to rise to 90-100°. If the process 
is carried out carefully, the yield is almost theoretical : 
100 parts of benzene give 160 parts of nitrobenzene, the 
theoretical yield being 167, According to the D.B.P. 
221,T87 (1907) of the Fabriques de Saccharine, late 
Fahlberg, List and Co., of Salbke-a./Elbe, a theoretical 
yield of nitrobenzene is obtained by adding concen- 
trated sulphuric acid to a mixture of benzene and an 
alkaline nitrate at a suitable temperature. 

Properties. Nitrobenzene is generally a light yellow 
liquid, but when pure is a colourless, highly refractive 
liquid of BJP. 206-207°, which on cooling crystallises in 
long needles of mj*. 7° ; its density at 16° C. is 1-208. 
Nitrobenzene is slightly soluble in water, and is miscible 
in all proportions with organic solvents. It is volatile 
in steam, six parts of water being necessary for the 
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separation of one part of nitrobenzene in this manner. 
Pure mtrobenzene or a mixture with nitrotoluenes is 
obtained, according to whether the benzene used for the 
nitration was pure or contained toluene. Nitrobenzene 
is used mainly for the manufacture of aniline ; it is also 
used in perfumery under the name of “ oil of mirbane.” 

Dinitrohmzme is obtained when nitrobenzene or 
benzene itself is nitrated with hot mixed acid in the 
apparatus used for the preparation of nitrobenzene. 
Under these conditions a mixture of the three dmitro- 
benzenes is formed, but the main product is meia- 
dinitrobenzene, 

A 

the ortho- and para-isomers only bemg formed in small 
quantities. 

m-Dinitrobenzene cryntaUises in slightly yellow 
needles, of m.p. 89 8°, and b.p. 297°. It is somewhat 
soluble in boiling water. The orZJk)-isomer has m.p. 118°, 
the pora-compound, m.p. 171°. w-Dinitrobenzene is 
used for the preparation of w-nitramline, m-phenylene- 
diamine, and in the manufacture of explosives. 

Derivatives of Toluene. 

The nitration of toluene yields a mixture of the three 
isomeric nitro-toluenes which consists mainly of the 
ortho- and pora-varieties , 7ne^a-nitrotoluene is only 
formed in small amounts. The relative proportions 
hi which the ortho- and para-compounds are obtained 
varies with the conditions of the nitration, the con- 
centration of the acid, and the temperature. Whereas 
with concentrated nitric acid about 66 per cent of para- 
mtrotoluene is obtained, with the mixed acid from 60 to 
66 per cent, of the oriAo-derivative is formed (Girard and 
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de Laire, Nblting and Forel). According to Friswell 
(J. Soc. Chem. Ind., 1908, 268), who has studied the in- 
fluence of varying conditions, the proportion is to be 
considered fixed in practice as 36 to 40 per cent, of the 
^«wa-derivative and 60 to 66 per cent, of the ortho- 
denvative. When the nitration is carried out with nitric 
acid and acetic anhydride, the proportion of o-mtro- 
toluene formed is considerably increased, 88 per cent, 
of the ortho- and 12 per cent, of the ^lara-compound 
being obtamed (Pictet and Khotmsky, Ber., 1907, 40, 
1163) ; finally, by the action of nitrous fumes on toluene 
vapour at 300-400°, 11 per cent, of the meta- and 89 per 
cent, of the oriAo-nitrotoluene is obtained {Chem. Fabrik 
Qr'dnau, Landshofl and Meyer, D.E.P. 207,170). 

Toluene is nitrated as in the case of benzene, 
and m similar apparatus. The product is transferred 
to vessels cooled with ice, when the jicwa-nitrotoluene 
ciiystalhses out The crystals are separated, and the 
oil remaining is fractionally distilled in vacuo. This 
oil IS a mixture of ortho- and jjora-nitrotoluene, and the 
diflerence m the boiling points of these two substances — 
218° for the ortho-, 238° for the ^lara-variety — is not 
sufSlcient m itself to obtain a complete separation. 
The first and last fractions contain practically pure 
ortho- and ^ara-nitrotoluene respectively, but a large 
middle fraction is obtamed which contains considerable 
amounts of the ^ara-derivative. Hence, this is cooled, 
giving further crystals of ^lam-nitrotoluene and an oil 
which is added to the distillation from the next operation. 
Other processes exist for the separation {D.B.P. 78,002 
and 92,991), but they are not practicable commercially. 

o-N%trotoluene, obtamed as above, is an amber-coloured 
liquid of b p. 218-219° which sohdifies on cooling and 
melts at 10' 6“ . The pure o-nitrotoluene of oommeroe 
contains os impurities some m-, and a small amount 
of ji-nitrotolueiie. On cooling to -6° to -10°, it 
crystallises partially, and the pure crystals of o-nitro- 
toluene formed melt at - 4° ; this process has been used 
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for its purification (Hoohst Farbwerke, D.B.P- 168,219, 
Nov. 1903 ; B.F. 360,020 ; F., viii., 88). 

p-Nitrotolume crystallises in yellow prisms of m.p. 64° 
and BJ. 238°. It is insoluble in water. 

The two nitrotoluenes may be separated from the 
diluted nitration mixture by steam distiilatioii, 3 parts 
of the ori^o-compound or 2 parts of the jJora-compound 
passing over with 100 parts of water. 

Dinitrotoluene. On nitrating toluene with hot mixed 
acid, 1:2. 4-dinitrotoluene is obtained. The same 
product results from the nitration of either the o- or 
^-nitrotoluene : 


OHs 

OH3 

OH3 


^NOa 


-> 




\/ \/ 

NO2 NOg, 

1 • 2 : 4-dinitrotoluene is a crystaUme substance of 
M.p, 71°. It is used for the preparation of m-toluylene- 
diamine, and in the manufacture of certain explosives. 

NapTUhalene Derivaiives. 

Naphthalene can 3 neld two mono-nitro-derivatives : 
a- and )8-nitronaphthalene ; only the first one is formed 
by the nitration of naphthalene, the /3-isomer being pre- 
pared by indirect methods. 

a-Nitronaphthahne was discovered by Laurent in 
1836. Its commercial preparation was described by 
0. Witt {Gh&mische Industrie, 1887, 10, 216). A mixture 
of 200 kilograms of nitric acid (76° Tw.), 200 kilograms 
of concentrated sulphuric acid, and 600 kilograms of 
the acid remaining from the previous operation, is placed 
in a cast-iron vessel, which can be cooled, and which is 
fitted with a stirrer provided with arms. 260 kilograms 
of powdered naphthalene are added through an opening 
in the cover, the addition taking one day for its com- 
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pletion in suoh a manner that, by cooling with water 
flowing through the outer ohamber, the temperature 
of the mass is kept between 46° and 60°. When the 
process is finished, the liquid is allowed to run out by 
the lower tap into a lead-lined wooden vat ; on allowing 
to cool, the nitronaphthalene solidifies and forms a solid 
cake on the surface of the acid. The liquid underneath 
is separated. The nitronaphthalene is purified by 
boiliag with water, which dissolves the excess of acid 
and frees from naphthalene, and then cooling rapidly 
by a stream of cold water, which precipitates the nitro- 
compound as a granular solid. Pure nitro-naphthalene 
may be obtained by dissolving these lumps in cumene or 
solvent naphtha, filtering, drying over calcium chloride, 
and cooling in a freezing mixture. In this way satis- 
factory crystals may be obtained, and these are separated 
by a hydraulic filter press (Wagner, Fischer, and L. 
Gautier , TraiU de chvinie industridh, vol. ii., 236. Masson, 
1903). a-Nitronaphthalene is insoluble in water, but 
soluble in benzene, carbon disulphide, ether, and warm 
alcohol. It forms long needles of m.p. 61° and b.p. 304°. 

Dimtroiui/pMTialenes. Ten dinitronaphthalenes should 
exist according to theory. On nitrating a-nitro-naphtha- 
lene under ordinary conditions, a mixture of 1:6- and 
1 : 8-dinitronaphthalene is obtamed • 


\/\J 


and 



NOa 

a-dmitronaphthalene. ^-dinitronaphthalene. 


These two products axe important intermediate 
products for the manufacture of certain dyestuffe. 
They are easily obtained by treating naphthalene with 
cold nitric acid, then addmg sulphuric anid to the 
mixture, and heating the resulting mass to complete 

O.D. u 
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the nitration. The product is -washed -with water, 
shaken with carbon disulphide to free from a-nitro- 
naphthalene, and then with acetone to remove the 1 : 8- 
dinitro-compound. This treatment is continued until 
the M.P. has been raised to 210-212°. 1 : 5-dinitro- 

naphthalene forms yellow needles which melt at 217° ; 
1 : 8-dinitronaphthalene crystallises in rhombic plates 
of M.P. 170°. 

Derivatives of Phenol. 

Phenol reacts with warm dilute nitrio acid, giving a 
mixture of ortho- and jpora-nitrophenol. The pro- 
portion of the pam-derivative is much greater at lower 
temperatures. 

Nitraiion of Phenol. One part of phenol is mixed 
with sufficient water to give a liquid ; the liquid so 
obtained is slowly added to a mixture of two parts 
of commercial nitric acid with four parts of water, 
keeping the temperature at about 35°. After one 
or two hours, the oil is separated, washed -with water, 
and the isomers separated by steam distillation, the 
oriAo-derivative only passing over -with steam, leaving 
a residue of the pora-compound. The yield of nitro- 
phenol is 36 to 44 per cent, of the weight of the phenol. 
o-Nitrophenol crystaUises m long yellow needles of 
M.P. 46° and bjp. 214°. Its salts are highly coloured. 
p-Niirophenol forms almost colourless needles of m.p. 
114°. Its salts are yellow. The nitration of both 
these isomers yields the same dmitrophenol, whose 
constitution must therefore be represented as that of 
a 1 : 2 : 4-deriva-tive . 

OH 

It is prepared by heating phenol with “ mixed acid ” at 
130° to 140°. It crystaUises in plates of mjp. 114°. 
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Nitrosulphonic Acids. 


Nitrosulplionic acids may be obtained by two methods : 
(1) sulphonation of the nitro-derivatives, or (2) nitration 
of the Bulphonic acids. These two methods may yield 
identical products or isomers, and the method adopted 
will depend on the compound to be prepared. 

On treating nitrobenzene with fuming sulphuric acid, 
it is converted into nitrobenzene m-sulphonic acid, whilst 
on sulphonation p-mtrotoluene 3delda p-nitrotoluene 
^sulphonic acid : 

^ ^SOgH 



From these two examples it will he seen that in the 
benzene hydrocarbons the sulphonio acid and nitro- 
groups tend to take up mefez-positions to one another. 
This is not the case in the naphthalene series. The 
a- and /3-naphthalene monosulphonio acids yield on 
nitration isomeric nitrosulphonio acids in which the 
nitro-group occupies the a-poaition. The a-sulphonic 
acid gives a mixture of the 1 ' 8-, 1:6- and 1: 4-nitro- 
sulphomc acids, containing 60 to 70 per cent, of the 
1 : 8 -acid, 20 per cent, of the 1 : 6-acid, the 1 : 4-acid 
only being formed in small amounts. 


SO3H 

/x7\ 

\A/ 



( 1 : 8 ) 


( 1 : 6 ) 
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These acids aje not generally separated, but are 
converted by reduction into the naphthylamine sulphonio 
acids, ■which are more readily isolated. 

The nitration of the ^S-sulphonic acid yields a mixture 
of equal amounts of the 1 . 6- and 1 : T-acids : 


\A/ 


NOa 



(1.7) 


( 1 : 6 ) 


These acids were prepared by CHeve {D.B.P. 67,017 ; 
Ber., 1886, 19, 2179), and are used in the preparation of 
the correspondiug a-naphthylamin e sulphonio acids. 

The di- and tri-sulphonic acids may be nitrated in a 
similar manner, the most important derivatives being 
the 1*3: 6-nitrodisulphonio acid and the 1 : 3 : 6 : 8- 
nitro-tnsulphonic acid : 



SOoH NOj 

AA 

SOsHXyX/SOaH 


SOgS[ SOgS 

which are produced by the nitration of the 2 : 7-di- 
sulphonio and 1:3: 6-'trisulphomo acids respectively. 


CHAPTER Vn. 


REDUCTION OP NITEO-OOMPOUNDS. 

The term “ reduction ” is applied to those reactions 
which take place between any chemical compound and 
hydrogen, which may be free or liberated in the nascent 
state by the interaction of suitable substances or is 
represented by other “reducing agents.” In the case 
of aromatic compounds, reduction may lead to the 
addition of hydrogen to, or elimination of oxygen from, 
the compound, or both reactions may occur at the same 
time, as in the case of nitro-compounds. 

The reduction of nitro-compounds leads to very 
difEerent products, according to the character of the 
reducing agent employed and the conditions under 
which ^e reaction is carried out ; thus there are acid, 
neutral, and alkaline reducing agents. 

The most common acid reducing agents are metals, 
such as iron, zinc, or tin, in presence of a mineral or 
organic acid, the hydrogen liberated reacting with nitro- 
compounds as follows :, 

R . NOa + 6H =R . NHa +2HaO. 

The product obtained in this way contains an NHa 
or omido-group in place of the nitro-group, the com- 
pound formed being known as an amine. Under the 
same conditions a dinitro-derivative would give a 
diamine, and, generally, a pol 3 mitro-compoimd would 
give a polyamine. In case tin and hydrochloric acid 
are used, the reduction is sometimes accompanied by 
chlorination (von Braun, Ber., 1912, 46, 1274, 2910). 


54 


ORGAJSnC DYESTUFFS 


Neutral reducing agents include subsi.ancea, such 
as zinc powder and aluminium amalgam, wliicli decom- 
pose water, yielding an insoluble oxide, thus : 

Zn + HgO = ZnO + Ha- 

In this case, reduction of the nitro-oompounds yields 
substituted hydroxylamines . 

R . NOa + 4H = R NHOH + HgO. 

Certain neutral salts, such as the allcaH sulphites, 
convert nitro-compounds into aminos, introducing at 
the same time an SO3H group. 

AlkaJine reducing agents do not all act in the saino 
way. Thus zinc powder and caustic soda convort 
nitro-derivatives into azoxy- (I.) or hydrazo- (II.) com- 
pounds. 

(I.) 2R . NO2 + 6H = Rr-N-N-R + 

0 

(H.) 2R.NO2 + lOH = R-NH-NH-R + 4H2O. 

Other alkaline reducing agents, such as ferrous oxido 
(ferrous sulphate and ammonia), exert a more energetic 
action, yielding amines. Finally, the alkali sulphide.s 
and hydrosulphides exert a selective reducing action on 
polynitro-compounds, and enable the reduction to bo 
hmited to only one of the m'tro-groups. 

Catalytic reduction processes have been discovered 
by Sabatier and Senderens, in which the vapour of 
the substance to be reduced, mixed with hydrogen, 
is passed over finely divided metals. (Senderens, 
d’Andoque and de Chefdebien, D B.P. 139,407.) 

Electrolytic Reduction. The elootrolysis of water 
yields hydrogen at the negative plate, and this can servo 
as the reducing agent. The conditions under which the 
electrolysis is to be carried out, viz. the medium, the tem- 
perature, the nature of the cathode, and the prosenoe of 
certam salts, exert a great mfluenoe on -the 0 Waotor of 
the products obtained. (Elbs, Zeitach. f. Elecirochemie, ^ 
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6, 108; D.R.P. 100,233, 100,234, 100,610, 121,836, 
121,899, 121,900, 160,800, etc.) For details, the special- 
ised treatises on electrochemistry must be consulted. 
The ammes may also be obtamed from hydroxy- 
derivatives by heating in an autoclave with ammoma 
and a condensiug agent. The condensation is more or 
less difficult to effect accordiug to the hydroxy-derivative 
in question. The condensiug agents used are zinc 
chloride, calcium chloride, and, recently, a mm onium 
sulphite. This last compound is particularly suitable 
for converting a naphthol into naphthylamine, an 
intermediate compound bemg formed, which, in presence 
of ammonia, regenerates the ammonium sulphite and 
yields the amine : 

R . OH + (NHJ2SO3 =R-0-SOa-NH4 -1-NH3 +H2O 

R0-S02-NH4 + 2NH3=R . NH2 + (NH 4 ) 2 S 03 . 

(See also Bucherer’s method, Joum. f. prakt. Ghem., (2) 
1904, 69, 88 ; 70, 349 ; 71, 433 ; D.E.P 117,471.) 

In the case of naphthalene derivatives, these reactions 
are carried out at about 100°. Li order to avoid loss 
of ammonia, the process is conducted in an autoclave, 
fitted with a stirrer, in case the original phenol or amine 
is insoluble in dilute ammonia. 


Amido-Derivatives of the Hydrocarbons. 

Derivatives of Benzene. 

Aniline or Phenylarmne, CgHg . NHg. Aniline was 
discovered by Unverdorben in 1826 in the products 
of the dry distillation of Indigo. In 1836 Runge 
isolated it from coal-tar, but it was not until 1842 
that Zinin prepared aniline by reducing nitrobenzene 
with ammonium sulphide. Bdehamp first suggested 
the commercial preparation of aniline by reduction of 
nitrobenzene with iron turnings and acetic acid ; this 
method is used at the present time, the acetic acid bemg 
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replaced by the cheaper hydrochloric acid. In 1860 
aniline was sold at over ten shillings a pound ; at present 
a much purer article is sold at less than sixpence a 
pound (G. F. Jauhert, Eistoire de Vindustrie suisse dea 
matihres colorantes). 

The amount of hydrochloric acid used for the reduction 
of the nitrobenzene by means of iron is much lower than 
that which is necessary according to the following 
equation : 

CeHgNOa + SFe + eHa = CoH6NH2 + 3FeCl2 + 2HaO. 

This is explained by the ferrous chloride formed acting 
as a reducing agent, giving ferric chloride, which latter 
is then reduced again to the ferrous condition by solution 
of more iron : 


2F601g + Fe = SFeCla. 

Manufacture of Aniline. The vessels used are made 
of boiler-plate, and are about six feet in height and 
one to four and a half feet in diameter. (Fig. 3.) 
An opening at the bottom allows of the vessel being 
emptied. The cover contains several openings : A is 
used for the axis of the stirrer, B for introducing the 
iron turnings, being closed by a cast-iron plate or 
wooden block, C is attached to a worm condenser. The 
axis of the stirrer is hollow, so that steam may be intro- 
duced by this means during the operation. 160 litres 
of water, 100 kilograms of iron, and 30 to 40 kilograms 
of hydrochloric acid are first placed in the apparatus, 
and then 400 kilograms of nitrobenzene added with 
constant sturiag. To accelerate the reaction, steam 
is passed in, and then 300 kilograms of iron added in 
small amounts. The process lasts for eight hours, and 
is so arranged that the vapours which escape are cooled 
by a reflux condenser When the process is finished 
the aoid is neutralised with hme, and the aniline pro- 
duced separated by steam distillation. The vapours are 
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cooled in a worm condenser, when the liquid obtained 
forms two layers which may be separated. One layer 
is aniline, the other is water containing about 2 to 3 per 
cent, of dissolved aniline. This water is used for pro- 
ducing the steam necessary for the next operation, thus 
recovering the aniline which it contains in solution. 



The aniline is purified by distillation, the yield being 
about 67 per cent, of the weight of nitrobenzene used 
(theoretical, 76 per cent.). 

Properties. Pure aniline is a colourless liquid of 
B.p. 182°, M.p. — 8°. It is heavier than water, having 
SP. GE, 1 026 at 16° ; it is soluble in water to the extent 
of 3 per cent. On exposure to air, aniline slowly becomes 
brown. In commerce a distinction is made between 
“ aniline oil for blue,” which is pure, and “ aniline oil for 
red,” which is a mixture of aniline and the toluicUnes in 
the following proportions : aniline, 10 to 20 per cent. ; 
o-toluidine, 30 to 40 per cent. ; p-toluidine, 26 to 40 per 
cent. 
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Pure aniline or its hydroohloride (“ aniline salt ”) 
is used in dyeing for producing AnUine black. The 
hydrochloride forms white crystals of m.p. 192°, which 
become greenish-black on escposure to air, 

Phem/lenediamines or Diamidobenzenes. Three isomers 
exist, 0 -, m- and ^j-phenylenediamines, the last two being 
the moat important. 

m-Phenylenediamine is obtained by reducing m- 
dinitrobenzene with iron and hydrochloric acid. It 
forms crystals of m.p. 63°, and boils without decom- 
position at 277°. When pure it is white, but becomes 
brown in air. 

p-P?ienylenediamine may be obtained by the reduction 
of ^j-nitraniline, but is actually manufactured by the 
reduction of amidoazobenzene (see p. 104). It forms 
white crystals of m.p. 147°, and b.p. 267°. 

Derivatives of Toluene. 

Reduction of nitro-derivatives of toluene yields the 
corresponding toluidines, or the bases formed by reducing 
crude nitrotoluene may be separated. For this purpose, 
it has been proposed to efEect the reduction with alkali 
sulphides, which only attack the ^oro-derivative and 
leave the o-nitrotoluene unaffected (Losner, D.R.P. 
78,002 ; Clayton Aniline Co., D.R P. 92,991). The 
mixture may also be reduced with iron and hydrochloric 
acid, the p-toluidine being partially separated by cooling. 
In this case it is preferable to isolate the base in the 
form of the hydrate which it forms on shaking the crude 
product with somewhat less than its weight of crushed 
ice ; the hydrate is then melted, and the ^j-toluidine 
purified by distillation (Friswell, J. Soc. Chem. Ind., 
1908, 268). There are also separation processes which 
depend on the difference in solubihty of certain salts 
of the toluidmes, such as the phosphates, oxalates, etc. 
(Lewy, D.R.P. 22,139), and on the action of nitrous 
acid (Wtilfing, D.R.P. 37,932). 
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The most important toluidmes are ortho- and'^aora- 
toluidine o-Tolnidme is a colourless hquid which boils 
at 199° ; it becomes brown in air, and is slightly soluble 
in water. ^-Toluidine crystallises m colourless plates 
of M.p. 45° and b.p. 198°. 

Toluylenediamines. The only important one is m- 
toluylenediamine, which is obtamed by the reduction 
of 1 : 2 : 4-dinitrotoluene It forms crystals of m.p. 99°. 


OHg 



Derivatives of the Xylenes. 

The xyhdine obtained by the reduction of commercial 
nitroxylene is a mixture of four isomers, the separation 
of which is rather difficult and may be carried out in 
several ways (D.2J.P. 39,947, 71,969, 87,616. See also 
Priedlander, Monatsh. f. Ohem., 1898, 29, 639). 

Derwatives of Naphthalene. 

Two mononitronaphthalenes are known, and 3deld on 
reduction a- and j8-naphthylamine : 



As already mentioned (p. 48), a-nitronaphthalene is 
easily obtained by nitration of the naphthalene, whereas 
jS-niteonaphthalene can only be prepared with diffi- 
culty by indirect means Hence, the jS-mtro-compound 
cannot be used for the manufacture of /3-naphthylamine, 
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ajid it is better to commence with ^-naphthol, 'which is 
easily prepared by the alkaline fusion of naphthalene 
jQ-sulphonio acid. 

a-NapMhylamine is manufactured by reducing a-nitro- 
naphthalene with iron and hydrochloric acid, the rather 
vigorous reaction being kept in hand by adding the 
nitro -derivative in such a manner as to keep the ■tempera- 
ture at about 50°. When the reaction is finished, the 
liquid is neutralised "with lime, and the base separated 
by passing in a current of superheated steam. It is 
purified by distillation in vacito, when it crystallises in 
white plates, m.p. 60° and b p. about 100°. Commercial 
a-naphthylamine generally contains a small amount of 
the ;8-isomer (Reverdin and Nolting, Sw la coTiaHtution 
de la naphialine, 1888, 36). The isomers may be 
separated by treating with xylene (WeUer-Ter-Meer, 
DJiJP, 209,076). 

^-Najphthylamine is prepared commercially by heating 
ten parts of /3-naphthol and 7*6 parts of a concentrated 
solution of ammonia in an autoclave for one day at 200°. 
The excess of yS-naphthol is extracted by means of caustic 
soda. The )8-naphthylamine is purified by distillation 
in vacuo, when it crystallises to form plates of m.p. 112° 
andB.p. 294°. 

Sulphonated Derivatives of the Amines. 

The amido-sulphonic acids may be obtained by several 
general methods : 

1. By the reduction of nitro-sulphonio acids ; 

2. By the sulphonation of amines ; 

3. By heating the naphthol sulphonic acids with 

ammonia. 

In certain cases it is possible to bring about the 
reduction and sulphonation at the same -time by treating 
a nitro-derivative with a neutral sulphite (Piria, Ann., 
1861, 78, 34). 
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Derivatives of Amline. 

The two most important derivatives are the meta- 
and ^ra-amidohenzene sulphonio aoids, or metanilic 
(I.) and mVphanilic acids (II ) ; 


NHa 

A 

NHa 

A 




SOgH 

(I-) 

(n.) 


The first is prepared by reducing m-nitrobenzene 
sulphonio acid. Sulphanilio acid is obtained by sul- 
phonating aniline at 190°, or, better, heating aniline 
sulphate for several hours at 200-206°, the latter being 
the commercial method. 


Derivatives of the Naphthylamines. 

Derivatives of a-No^Jithylamine. 

All the seven isomeric a-naphthylamine monosulphonic 
aoids predicted by theory are known. The sulphonation 
of a-naphthylamine has been studied by Erdmaim 
{Ann., 1893, 275, 193), who found that, on treatment 
with five parts of the ordinary sulphuric acid at 130°, 
it yields almost exclusively the 1 • 4 or napMhionic acid 
if the reaction is only allowed to proceed for a short 
time. If the action of the sulphuric acid is prolonged, the 
1 : 4-acid disappears, and the 1 : 6- and the 1 : B-isomers 
are successively produced : 


/x/\ 


SOjjH 


NHa 


S03H 


JNUo 
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NapMhionic acid (1 : 4) is produced by sulphonating 
a-naphthylamine, but it is prepared cominercially by 
bflfl.tlng a-naph-thylamine sulphate at 170-180° for eight 
hours (Nevile and Winther, Ber., 1880, 13, 1940). 
Better results are obtained if a certain amount of oxalic 
acid is added to the sulphate. On sulphonating -with 
three and a half parts of fuming sulphuric acid containing 
26 per cent. SO3, at 30° C., a mixture of the a-naphthyl- 
amine 4 • 6- and 4 ; 7-disulphonio acids is obtained, and 
these are called “ Dahl’s acids ” [D.B.P. 41,967). 






SO3H 


so 3® 


NHa 


sOaH 


No/phthylamine, 1 : 6- and 1 : l-sulphonic acids aje 
prepared by the reduction of the corresponding nitro- 
sulphonic acids, using the mixture formed on nitrating 
naphthalene /3-sulphonio acid (see p 62), the mixture 
obtained being known as “ Cleve’s acids ” (Cleve, Ber., 
1887, 20, 74). 

Trisulphonic acids. Of these, the most important is 
the 1:3:6. 8-aoid, formed by reduction of the corre- 
sponding nitronaphthalene teisulphonic acid (Koch, 
D.B.P. 66,068). 


SOgH NHg 


SO 3H 


D&rivcdives of /3-Na^htliylamine. 

On sulphonating j8-naphthylamine with three times its 
weight of concentrated sulphuric acid at a temperature 
of about 100°, a mixture of four monosulphonio acids is 
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produced, the sulphonio acid group again attaching 
itself to the ring which does not contain the NH 2 group. 
The main products are the 2 : 8- and 2 : 6-acids, the 
2 : 6- and 2 . 7-acids only being obtained in small 
amounts ; the relative proportions vary with the 
experimental conditions (Green, Bar., 1889, 22, 721 ; 
Dahl, D.B.P. 29,084, 32,276). 

Sulphonation by means of ordinary sulphuric acid 
at 16-20° yields almost exclusively the 2 6-acid, whilst 
on heating jS-naphthylamine sulphate to 200-210°, the 
2 : 6-aoid is the main product. This acid, often called 
“ Brdnner’s acid,” is prepared in a pure state by heating 
SchaJffer’s /3-naphthol sulphonic acid under pressure 
with ammonia (Liebmann, Mon. sci., 1886, 1043). 
Under the same conditions, ^-naphthol sulphonio acid 
(2 : 7), “ F acid,” yields ^-naphthylamine sulphonic acid 
(Cassella, B.B.P. 43,740). 



BrOnner’s acid (2 : 6). 2 ; 7-acid. 


^-N a/pMhylamine disuVphonic acids. The most im- 
portant are the )8-naphthylamine 3 : 6- and 6 : 8-di- 
sulphonio acids, called respectively “ Amido R acid ” 
and “ Amido G acid.” 



Amido R acid. Amido G acid. 


These acids are obtained by heating the corresponding 
/8-naphthol disulphonio acids with ammonia under 
pressure. 

p-Na^MTiyUm/irie 6 : l-disulphonic acid is obtamed 
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by the sulpbonation of 2 : S-naphthylamino sulphonic 
aoid. 


so 


NHa 




SOjH 


Hydroxy-Derivatives of the Amines. 

These oompounds inolude the amido -phenols and 
amido-naphthols, and may be obtained by the following 
processes : 

1. By reducing the nitro-derivatives of the phenols 

or naphthols ; 

2. Alkaline fusion of the amido -sulphonic acids ; 

3. Heating a di- or a poly-phenol under pressure 

with amm onia ; 

4. Reduction of the azo-derivatives of phenols or 

naphthols. 

Benzene Derivatives. 

Amidophenols. Three isomers are known, meta, ortho 
and pa/ra. 

o-Amidophenol is prepared by reduction of the corre- 
i^onding nitro-phenol with ammonium sulphide. It 
melts at 170®. 

m-Amidophenol may be obtained by alkaline fusion 
of metamhc acid {p.R.P. 44,792), by reduction of m- 
nitrophenol, or by heating resorcinol with ammonium 
chloride at 200“ in an autoclave for twelve hours {D.R.P. 
49,060). It melts at 120“. 

p-Amidophenol is obtamed on the reduction of ^?-nitro- 
phenol by means of zinc and hydrochloric aoid. Another 
method of preparation has been outlined by R. Vidal ; 
nitrobenzene is reduced in sulphuric acid solution by 
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means of zino dust, when tho phonyl-hydroxylainino first 
formed yields ^9-ainidophonol in prosonoo of aoid : 


on 



On reduction, jj-azophonol yields ^;“aiMi(loplienol 
{D.JR.P. 82,426). I’his otnuiKuiiul molts at 184”. 

Sulphonated Hydroxy-Derivatives of the Amines. 

Those compounds aoni,aiu an amido-grou]), a hydroxy- 
group and one or more sulphonio acid groii])s. I’lioy 
are prepared : 

1. By alkaliuo fusion of tho di- or poly-Bulplionio 

acids of amintis ; 

2. By reduction of tho azo-dorivatives of naj)hthoI 

sulphonio acid. 

The compounds derived from nai)hthalono aro uf 
greatest interest. 

Amidonaphthol aulphonic acida. Of these, t-ho 2:8:0, 
2:3:6 and 2:5:7 aro tho most important. 


on 



on; 


Amldonaphtliol Amidonaphthol n.K. n ■ i r 
sulphonio acid O, sulphonio acid R. J . 

or y-aoid. 

Tho first two compounds ore i)roparod by fusing the 
;/3-naphthylamino diaulphonio acids G and R with 
caustic soda. Tho third is obtained by alkaline fusion of 

O.D. s 
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2-naphtliylaiiiine-6 • 7-disiilphonic acid, and is called 
“ J acid.” 

Of the amidonaphthol diflulphonio acids, the com- 
monest is the 1 : 8 . 3 : 6, or " H acid,” -which is prepared 
by heating a-naphthylamine 3:6: S-trisnlphonic acid 
■with caustic soda at 180° {D.R.P. 69,722, 80,668). On 
heating -with caustic soda, H acid itself undergoes a 
change, its amido-group being replaced by a hydroxyl- 
group, giving 1 • 8 : 3 . 6-dihydroxynaphthalene disul- 
phonio acid, or chromotropic acid, which may also 


OH NHa OH OH 



H acid. Chromotropio acid. 


be obtained by heatmg a-naphthol or a-naphthylamine 
trisulphonio acids (1 . 8 : 3 : 6) with caustic soda (D.iJ.P. 
67,663, 68,721, 69,190, 76,163). 

. Nitro-Derivatives of the Amines. 

The nitro-amines may be prepared by two methods : 

1. Partial reduction of the dinitro-compounds ; 

2. Nitration of the amines. 

The second method is the one generally used, and to 
avoid the nitric acid acting on the amido-group tbia 
group has to be protected by acylating -tiie amine. 
The products resulting from the combination of an 
amine with an organic acid by the elimination of a mole- 
cule of water are termed aoylated compounds. Thus, 
aniline and acetic acid give acetanilide : 

GeHgNHa + CHgCOOH = H^O +CeH5NH . COGHj. 

Nitration is then effected as usual, and gives the nitro- 
derivative of the aoylated amine. This compound is 
easily converted into the nitro-amine by healing -with 
dilute acids or alkalies to eliminate the acyl group. 
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Derivatives of Aniline. 

Three nitramlines exist, the most important being the 
meior and^ara-oompounds. 

o-Nitraniline is formed together -with the para- 
oompoimd (see below). It melts at 71 6°. 

m-Nitramline is prepared by partial reduction of the 
dinitrobenzene by means of iron and acetic acid (A. 
Wtllfing, D.R.P. 67,018), or ammonium sulphide (Mus- 
pratt and Hofmann, Ann., 1846, 57, 216), or tin and 
hydrochloric acid in alcoholic solution (AnsohUtz n.nrj 
Heusler, Ber., 1886, 19, 2161). m-Nitraniline has 
MJ*. 114® and b J*. 286°. 

p-Nitraniline, NOg . 0eH4 . NHg, is obtained by the 
nitration of the acetyl derivative of aniline, acetanilide 
(see p. 66), with mixed acid. Finely powdered acet- 
anilide is dissolved in concentrated sulphuric acid in an 
apparatus fitted with a stirrer, and the mixed acid gradu- 
ally introduced, keeping the temperature at 40-60®. 
When the nitration has finished, the product is poured 
into water to precipitate the nitro -acetanilide. This 
is then separated and heated with caustic soda solution 
to eliminate the acetyl group ; the ff-nitraniline is 
precipitated on cooling, whilst the o-nitraniline formed 
remains in solution. Under these conditions about 
60 per cent, of the para- and 26 per cent, of the ortho- 
derivative is obtained. (Nolting and Collin, Ber., 1884, 
17, 262). 

p-Nitraniline is also obtained by nitrating benzylidene- 
aniline (Farbenfabriken Bayer, D.R.P. 72,173), or by 
heating 53-nitroohlorbenzene under pressure with am- 
monia. (See also MfiUer, Ohem. Ztg., 1912, 36, 1049 ; 
Clayton Aniline Co., D.R.P. 148,749). p-Nitr anil i n e 
crystallises in yellow needles of m.p. 147°. Its principal 
use is in the production of Faranitr ani l in e red (“ Para 
rod ”) on cotton fibre (see p. 108). 



CHAPTER Vni. 


- ALKYLATION. 

By this process, the acid hydrogen atom of a phenol 
or an organic acid, or a hydrogen atom of the amido- 
group in an amine, is replaced by an alkyl group. The 
alkylation of phenols and acids is sometimes called 
“ esterification,” hut it is preferable to reserve this 
name for the alkylation of acids only. 


Alkylation of Phenols. 

In order to alkylate a phenol, it is converted into the 
alkali salt, and then treated ■with certain substances, 
such as the halogenated derivatives of the saturated 
hydrocarbons, CnHan+iX, where X is chlorine, bromine 
or iodine ; methyl sulpha'te is also very convenient for 
alkylation, as its boiling point (187°) is high enough to 
allow of its use m open apparatus at "the atmospheric 
pressure, whereas the alkylogens (halogen esters) have 
very low boiling poin-ts, and hermetically sealed appara- 
tus (autoclaves) must be used, as the pressure at-tained 
is frequen-dy very high. The alkyl nitrates may also be 
used for alkylation. 

In the case of the simple alkyl esters, the reaction is 
expressed by the general equation : 

CeH^ONa +0,H^+,X = NaX H-CeHs . O . 

in which X may be chlorine, bromine, iodine, the nitrate 
radicle, etc. 
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If methyl sulphate is employed, the reaction is as 
follows : 

0.H;,01Ta + + 0,H.OOH,. 

The phenol is converted into its sodium salt by 
means of alkah alcoholates in alcoholic solution, a slight 
excess of the alkylogen added, and the mixture heated 
in a closed vessel. In case methyl sulphate is used, the 
phenol is dissolved in a caustic alkali, the sulphate 
added and the mixture stirred. Treatment with water 
removes the mineral salts, and on shaking the product 
with caustic soda to dissolve the phenol, the aUcylated 
derivative remains insoluble, and may then be purified 
by distillation or recrystalhsation. 


D&rivaiives of Phmol. 

Anisole, CgHgOCHs. It is a colourless liquid, boiling 
at 162°. 

Phenetole, C 6 H 6 OO 2 H 6 . Colourless liquid of b.p. 172°. 


Derivative of DiTwjdroxyhenzene. 

The most important is gvaiacol, the monomethyl 
ether of pyrocatechol. 

OH 


lOOMo 


V 


It is extracted from creosote, and crystallises in 
large prisma of m.p. 32°. It is used as a base for anti- 
tuberculous medicines. 


Alkylation of Amines. 

In an amine, the two hydrogen atoms of the amido- 
group may be successively replaced by alkyl radicles. 



70 OEGANIC DYESTUPPS 

Thus, ajjjJjne can give monoalkylanilines and dialkyl- 
anUines : 

^ 0,HjNHE -»• CeHslK^; 

The name primary a, mine is given to amines which 
contain the NHj group ; if only one hydrogen atom of 
the NHg group has been replaced by an alkyl radicle, a 
secondary amine is obtained ; and if both hydrogen 
atoms are so replaced, the compound is termed a tertiary 
amine. The same nomenclature is used if the character- 
istic atoms of hydrogen in a primary amine are replaced 
by other than alkyl radicles, only the methods of pre- 
paration are different. 

The alkylation of primary amines for the preparation 
of secondary amines is almost always accompanied by 
the formation of a tertiary anune. The separation of 
the two bases cannot as a rule be effected by fractional 
distillation, os the difference in their boiliag points is 
not sufficiently great. The salts of the secondary ammes 
are often solids, whereas those of the tertiary ammes 
are oils. 

The alkylating agents used in commerce are methyl 
and ethyl chlorides, produced at the moment when they 
are required by heating the amine in an autoclave with 
hydrochloric acid and the corresponding alcohol ; methyl 
sulphate may also be used. 

Secondary Amines. 

Monomethylanihne, CaH5.lTH.CH3, is prepared com- 
mercially by heating 66 parts of aniline hydrochloride 
and 16 parts of methyl alcohol in an autoclave at 180° 
for two to three hours, when the pressure first rises to 
twenty-five atmoi^heres and then falls again. The 
product is neutralised with lime, and the base separated 
by steam ; it then contains 90 per cent, of monomethyl- 
anifine and 6 to 7 per cent, of dimethylaniline. Mono- 
methylaniline boils at 192°. 
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Monoeihylaniline, CgHg.NH C2H5, is prepaxed by 
heating 95 ports of aniline hydrochloride with 28 parts 
of alcohol at 180® in an enamelled autoclave. The 
hydrochloride of monoethylaniline crystallises out. The 
base is a colourless liquid of b.p. 204°. 

Benzylaniline, CgHg.NH CHa-CgHg, is obtained by 
treating aniline with benzyl chloride. It is a solid, 
and has m p. 33° and b.p. 310°. 

Diphenylamine, CgHg.NH.CflHg, is prepared com- 
mercially by the process of De Loire, Girard and Chapo- 
teaut, in which andine is heated with a nilin e hydro- 
chloride in an autoclave at 220-230° : 

CeHgNHa -f- CgHgNHa.HCl = NH4CI + (CeH5)aNH. 

The product is poured into water, and hydrochloric acid 
added to dissolve the aniline, when the diphenylamine 
crystallises out, the yield being 60-70 per cent. It forms 
colourless crystals of mjp. 64° and bp*. 310°. 

Tertiary Amines. 

CH 

Dimethylaniline, CgHgN ■< qjj®' 

Commercial Pre^aaration. Dimethylaniline was origin- 
ally obtained by heating aniline hydrochloride (or 
aniline and hydrochloric acid) with methyl alcohol at 
230-236°. At the present time sulphuric acid is used 
instead of hydrochloric acid, and aniline, which is cheaper, 
is used in place of aniline hydrochloride, when there is 
not so great a possibility of the autoclave (enamelled or 
otherwise) being attacked by the volatile acid. Accordmg 
to J. Walter {Ch&m Ztg., 1910, 641, et seq.), the practical 
details of the process are as follows : 80 kilograms of 
aniline, 78 kilograms of methyl alcohol and 8 kilo- 
grams of sulphuric acid (168° Tw.) are heated together 
in an autoclave at 230-236° ; the pressure rises to 
twenty-eight to thirty-two atmospheres, this pressure 
bemg maintained for three hours, and then the autoclave 
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is allowed to cool. On opening a valve, the gases 
escape, and the alcohol carried forward is oondensed in 
a worm-condenser. The product is then forced by- 
means of compressed air into a distillation apparatus, 
neutralised with caustic soda, and the bases separated 
by steam distillation. The dimethylaniline is purified 
by redistiUation. The yield is 92 per cent, of the 
theoretical. 

Dimethylaniline is a colourless liquid of b.p. 198°. 
Commercial dimethylaniline often contains mono- 
methylaniline and unchanged amline. The presence of 
the latter may be detected by means of dilute sulphuric 
acid, which dissolves the alkylated bases, but gives a 
precipitate with aniline of the insoluble anilme sulphate. 
The monomethylaniline is detected by mixing the pro- 
duct -with acetic anhydride, which would cause a nse 
in temperature, whereas with pure dimethylaniline the 
temperature would be lowered, due to its solution. The 
monomethylaniline may be detected and estimated 
by treating the product with nitrous acid in presence 
of hydrochloric acid, and then -with ether, when only the 
nitroso-monomethylaniline dissolves. 

Methylhenzylaniline is obtained by the action of 
benzyl chloride on monomethylaniline. It is a liquid 
of B.p. 310°. 

Ethylbenzylamline boils at 286° (710 mm.). 


Alkylated Derivatives of the Amidophenols. 


Of these, the only ones important in the manufacture 
of dyestuffs are those derived from m-amidophenol ; 
they are obtained by the alkaline fusion of the meta- 
sulphomc acids of mono- and di-alkylated anilines. 


OjH 

Monoiruthyl-^amidophenol, - The pro- 

perties and preparation of this compound are outlined 
in a patent of the B A S.F. {D.B.P. 48,161). Mono- 
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methyl-metanilio acid is fused "with caustic soda. This 
sulphonic acid may be obtained either by sulphonating 
monomethylaniline or by methylating metanilic acid. 


moHg 





->■ 


\/ 

SOgH 



OH 


Mcm,oethyl-^-amidophenol is obtained in a similar 
manner. It crystallises, and has m.p. 62“. 


Dimet7iyl-in-amid(yphenol, CoH 4 <^ 


OH 

N(CHg) 


, IS prepared 

2 


by several processes, for example, by fusing dimethyl- 
aniline sulphonic acid -with alkahes (DJtJP. 44,792), or 
by heatmg resorcinol in an autoclave with dimethyl- 
aniline [DJRjP. 49,060). Dimethyl-m-amidophenol forms 
small crystals which melt at 87°. 


Diethyl-m-amidophenol, CgH^c;; 


OH 

N(CgHe) 


is obtained 


in a similar manner to the dimethyl compound. 



THIRD PART. 


THE ORGANIC DYESTUFFS. 


CHAPTER IX. 

,/OLASSIFIOATION AND APPLICATION OF 
DYESTUFFS. 

Thu classic experiment with. Newton’s prism showed 
that sunlight and white artificial light (from petrol, 
gas, mcandescent and arc lamps) are formed by the 
superposing of coloured rays of light, the unequal 
refraction of which causes their separation on passing 
through the prism. The coloured image obtained in 
this manner with a pencil of white light is known as 
the “ spectrum.” Seven different shades may be dis- 
tinguished : violet, indigo, blue, green, yellow, orange 
and red, called fundamental colours, as by admixture 
in suitable proportions all the various shades may be 
produced, 

A body is said to be transparerU when light can pass 
through it without being considerably diTYiioighed in 
intensity , on the other hand a body is termed opaque, 
when it does not allow light to pass through in this 
manner. A body intermediate between these two is 
known as a translucent body. In nature, the majority 
of substances are opaque, and when light falls on 
them it is more or less completely reflected into space. 
The amount of reflection depends on the condition of 
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the surfac5e, being greater the more polished is the 
surface. 

When light is reflected from a body, several things 
may occur : (1) The object may reflect the sunlight 
•without altering the proportions of the different colours 
in the spectrum, and the object 'wall appear to be white ; 
(2) the object may absorb entirely aU the light which 
it received, when it is called black ; or (3) the object 
illuminated may only reflect a portion of "the coloured 
rays which form the white light, and absorb the other 
portion. The object -will then appear to be coloured. 
Newton employed the term corn^Urrientwry colour to 
denote the colour which together with the one to which 
it is complementary would produce the effect known as 
white. 

Coloured substances are met with amongst the 
chemical elements as well as in their compounds ; 
thus iodine, sulphur, bromine, phosphorus, etc., are 
coloured ; certain metals, for example, icon, chro- 
mium, copper, and nickel, yield coloured salts ; others 
generally give colourless salts. Compounds of the 
so-oaUed “ oi^anic ” chemistry, that is to say, those 
which result from the combination of carbon with 
oxygen, hydrogen, nitrogen, or sulphur, ore as a rule 
colourless or white substances. It is, hence, very 
curious indeed that there are many organic compcunds 
which possess an intense and brilliant colour. By the 
detailed study of these oases, it has been fomid that 
analysis will only give a very small difference between 
the percentage composition of a colourless organic com- 
pound, and that of the highly coloured compound from 
which it is derived. Moreover, examples are known 
of coloured substances which have exactly the same 
composition as others which are perfectly colourless. 
Hence it is considered that the cause of these great 
differences is mainly the momior in which the atoms are 
bound to one another ; briefly— coJEowr depends on the 
strwdnire of the molecule. To use a classic comparison. 
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it is possible to constniet several buildings of very 
different types with a number of bricks ; and in tho 
same wa,j the atoms of carbon, hydrogen, nitrogen, 
oxygen, etc., may be combined as to give an almost 
unlimited number of compounds, the properties of which 
may be very different. Certain compounds will bo 
colourless, others will be coloured, according to the 
relative arrangement of tho atoms. Those arrangements 
are represent^ by diagrams known as “ constitutional 
formulae,” which, amongst other things, illustrate 
clearly a relation between the colour of an organic 
substance and the manner m which its oonstituont atoms 
are b'nked. On examining the constitutional formulae 
of coloured substances, the presence of certain atomio 
groupings is noted, and consequently the colour is 
attributed to their presence. 

In 1876, 0. N. Witt {Ber., 9, 622 ; of. ibid., 1888, 21, 326) 
endeavoured to state a general theory for those pheno- 
mena, and suggested that these special groups should, be 
termed “ chromophores.” In order that a ohromophoro 
may be able to exert its influence, it must be present in 
an organic substance which contains a largo number of 
carbon atoms, and it is hence that coloured substances 
are more frequently met with among the derivatives 
of hydrocarbons such os benzene, naphthalene and 
anthracene, the so-called aromatic hydrocarbons. If 
a chromophore is introduced into a molecule of an 
aromatic organic compound, a substance which is more 
or less coloured is obtained which Witt called a “ chro- 
mogen,” Thus azobenzene, anthraquinone, and quinone 
are ohromogens, bemg coloured, duo to the prosonoo of 
the chromophores ; 


-N=N-,CO, etc. 

C^Hj— N = N— C„Hb 

Azobenzone. Anthraquinone. 
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CJhromogens yield colourless compomids on reduction. 
For example, azobenzene and quinone take up tm-o atoms 
of hydrogen and are decolorised : 

OeHs— N=N— CoHe+Ha = CeHg— NH— NH— CgHs. 
Azobenzene (oolouied). Hydxazobenzene (colourless). 

OflH^Oa 4- Ha = CeH^(OH)2 

Quinone (coloured). Hydroquinone (colourless). 


These conversions fire reversible, as hydrazobenzene 
and hydroquinone yield on oxidation the coloured 
substances from ■which they were obtained. In most 
oases it is possible to convert a coloured substance in 
this manner into a colourless one and vice verad ; such 
reduction products are kno-wn as “ leuco-compounds.” 
On the other hand, reduction sometimes completely 
decomposes coloured substances, and the colourless 
products do not yield the original substance on oxida- 
tion; such reduotion products are no longer to be 
regarded as leuoo-oompounds. 

The disappearance of the colour, due merely to the 
taking up of hydrogen by the chromophore, shows that 
the relative affinities of the atoms which form it are not 
entirely saturated, these afanities being latent. In 
ohemioal language, this fact may be expressed by saying 
that chromophores are “ unsaturated, ’ ^ 

formulae the latent valencies axe indicated by two or 
thioe lines oalled “double” or “triple” bonds- m- 
saturaied hydrocarbons ate kno-wn wHob are coloured, 

for example, HjCnv 

colourless saturated hydrocarbon . 


TT.n 
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Cy do -pentadiene 


,0H = OH 


CH, 


* \CH = A 


H 


combines with aldehydes to give the highly coloured 
fulgides, which are compounds of the type : 

/CH = CH 
RCH = C< I 
^CH = OH 

the parent hydrocarbon of which is the coloured fulvene, 
an isomer of the colourless benzene. 

As a rule, however, it is necessary for the compound 
to contain other elements than carbon and hydrogen, 
such as oxygen, sulphur, or nitrogen. 

Dyeing. The conditions necessary for an organic sub- 
stance to be coloured have boon outlined above, but if a 
substance is coloured, it is not of necessity a “ dyestuff.” 
Every coloured substance which can bo fixed on the 
fibre in a more or less permanent manner by the processes 
used in dyeing or printing is called a dyestuff. The 
simplest way of dyeing fibre is to immerse it in a dilute 
solution of the dyestuff (for example, 0-02 or 0-1 per cent, 
aqueous solution), to which has boon added an acid or 
suitable salts, and then heating almost up to the boiling 
point. In certain cases the dyestuff is precipitated on 
the fibre and dyes it uniformly ; if the colour does not 
disappear on washing with water the fibre is said to be 
dyed. Dyed materials are more or loss fast according to 
the nature of the dyestuff and its affinity for the fibre in 
question. This affinity varies considerably for different 
dyestuffs, and the same dyestuff often has very different 
a^ties for different kinds of fibre. Whilst the majority 
of soluble dyestuffs dye animal fibres (wool and sillc) 
under suitable conditions, there are only a comparatively 
^all number which dye vegetable fibres (cotton, linen, 
]ute, eto.) with equal facility. When the affinity of a 
dyestuff for a certain fibre is not sufifioiont to give fast 
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shades the material is “ mordanted.” Mordanting 
consists of fixing on the fibre a substance, known ns a 
mordant, which is capable of forming an insoluble 
coloured compound, called a lake, with the dyostuif 
at the time of dyeing, which hence remains fixed on tlie 
fibre. The insolubility of these laJces rondors them very 
stable to the various mechamcol and chemical troatmonts, 
and hence shades obtained by the use of mordants arts 
very fast, and they ore used whenever fast shades 
are required. The natural colouring matt.ors, such »iH 
logwood, madder, and cochineal, which ■wore used oven 
in the earliest civilisations, are mordant dyostulTs. 

Mordants may be divided into “ inotallio 11101’“ 
dants” and “organic mordants.” The former are iJie 
hydroxides of certain metals, of which the inost.im]K)r- 
tont, owing to their frequent use, are ferric, aluininiiiiti, 
and chromium hydroxides. These are the common 
mordanting agents, others being tho special mordants, 
such as the oxides of zirconium, lanthanum, gluoinum, 
titanium, etc., studied by A. Scheuror and Bryliiiski. 
The same dyestuff gives very differently coloured lakes 
with different mordants j thus madder (Alizarin) gives a 
red lake on aluminium mordant, a garnot-oolourod lake 
on chromium mordant, and a violet lake on iron mordant. 
Hence, the name “ polygenetic dyestuffs ” is somotimes 
given to those dyestuffs which are fixed by metallic 
mordants. 


The organic mordants include tho different tannins, and 
abo fatty mordants, e.g Turkey red off, tho exact action 
of wMch m fixing the dyestuff is not as yet definitely 
e^bh^ed. The principal oiganic mordant is tannin, 
which IS used for mordanting vegetable fibres. Tannin 
possesses the property of forming lalcos with a largo 
number of dyestuffs which themselves have no allinity 
for J^etable fibres. It is therefore sufiiciont to mor- 
dant the fibre with tomiin, and then dye it in order 
to cause the inform precipitation of* the oolonrod 
laxe. It vegetable fibres are immersed in an aiineuuH 
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solution of tannin for a sufficient time, the cells become 
impregnated with tannin ; on subsequent immersion 
in the bath containing the dyestuff, this penetrates 
into the cellular membranes, forming an insoluble 
lake inside the fibre, which will then be dyed. The 
•lakes so obtained are only comparatively insoluble, but 
very fast coloured lakes may be obtained by combining 
the dyestuff with both tannin and antimony oxide. For 
this purpose the fibre is passed through a tonmn bath 
and then into tartar emetic ; after washing, the antimony 
tannate remains on the fibre and acts os a mordant. 

Soluble dyestuffs may be divided into two groups : 
those which dye textile fibres without the addition of 
mordants, the “ substantive ” dyestuffs, and those 
for which the use of mordants is essential, the “ adjec- 
tive ” dyestuffs. The name “ direct ” or “ substantive ” 
dyestuffs has been reserved for dyestuffs which dye 
cotton and vegetable fibres without the use of a mordant. 
Whilst the dyeing of mordanted fibres is undoubtedly 
due to a chemical combination, the dyeing of the same 
fibres by means of substantive dyestuffs is a much more 
complex phenomenon. In this case, the physical 
phenomena of adhesion, capillarity, absorption and 
contact electrification, are to be taken into account in 
addition to the chemical phenomenon of combination 
between the dyestuff and the fibre. 

With regard to insoluble dyestuffs, their uso necessi- 
tates special methods which will bo dcscnbod when they 
are being considered. (See Indigo, Sulphur colours. 
Aniline black.) 

The conditions which must be satisfied before a 
coloured substance will act as a dyestuff will now bo 
considered. If the various dyestuffs wliioh are soluble 
in water are examined, it will bo found that they arc 
aU of the nature of salts ; some are produced by the 
combination of an organic base with a mineral, or some- 
times an organic, acid ; others consist of a coloured 
organic acid combined with inorganic bases. The 
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gjat-named ar© called “ basic dyestufEs,” the latter are 
termed “ acid dyestufEs/’ Li all dyestufEs one or other 
of these two characters is invariably more or less 
pTonounced, and as a general rule it may be said that 
the tinctorial properties of a dyest^ -wilL be the greater 
the more decided the acid or basic character. On the 
other hand a neutral compound, in which these two 
tendencies are balanced, will be a dyestufE of inferior 
oharacter. Hence, if suitable^ groups are introduced 
into a coloured molecule, that is a chromogen, in order 
to give it an acid or basic oharacter, the product may be 
expected to be a dyestuff. This has been found to be 
the case, and Witt has given such groups the name 
“ auxoohromes.” Briefly : The introduction of a chromo- 
'ohore into an organic molecule yields a coloured compcmnd, 
a chromogen, and this will yield a dyestuff if suitably chosen 
auxochromes are introduced into certain positions in its 
molecule. 

The auxoohromes are groups which are capable of 
salt-formation, such as OH, SO3H, COOH, which are 
acidic, and NHa, NHR, NRg* which are basic. Of these 
auxoohromes, the COOH and SO3H groups introduced 
into a chromogen generally give it tinctorial properties 
without altering its shade. It has, however, been shown 
by Friedlander that the SO3H group causes a great change 
in the shade of Indigoid dyestufEs i£ present in a certain 
position. On the other hand, the presence of the acidic 
OH group, or of the basic NHg, NB-a groups, has a very 
decided effect on both the tinctorial properties and on 
the shades of the product. 

After what has been noted above, it does not seem 
impossible that textile fibres should also have a certain 
affinity for organic substances which are not coloured ; 
in other words, it is possible to imagine that colourless 
substances might just as well be fixed on the Jjy 
“ colourless dyeing.” It has aotuaUy been found that 
cotton and vegetable fibres possess a very decided afiBmty 
for tanniu, and also for the anilide of /3-oxynaphthoio 

n n. r" 
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acid ; on immersion in a warm, dilute solution of 
ohromotropio aoid, wool absorbs this compound as it 
would a dyestufE. 

ChromopTiores. 

The ohromophores are very numerous, and have a more 
or less pronounced effect on the colour. They are almost 
all unsaturated groups and consequently polyvalent ; 
only the nitro-group, NOg, is monovalent, and reduction 
completely destroys it without giving a leuco-oompound. 

One of the commonest ohromophores is the carbonyl 
group, CO, present in quinone. Quinone, CgH^Oa, is a 
yellow compound which on reduction gives the colourless 
hydroquinone, CgHoOg ; the reaction is a reversible one, 
hydroquinone yielding quinone on oxidation in aoid 
solution : 

C0H4O2 Z CeHoOa 
0 

These reactions are supposed to be accompanied by a 
change m the hnking of the atoms, expressed by : 

O OH 


0 


HG 

HO 




0 


OH 

OH 


+ Hg = 


0 


HO 

/\ 

HO 

0 


OH 

OH 


O OH 

Thus hydroquinone is the“leuoo-derivative ”of quinone. 
An attempt has been made to classify the reduction 
of dyestuffs to leuco-oompounds, and their production 
again on oxidation of the leuco-oompounds, according to 
a method similar to the above example. That is to say, 
a group identical with or very similar to that in quinone 
is supposed to be present in coloured molecules. Two 
types of quinones ore Imown : ori^o-quinones and para- 
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q^uiiionoH, dycHtuffH hoiug toi-iniMl <’>?-/7AO-qniiiouoid ovpara- 
quinonoid, uccordinj; i.{) t-lio groujung ■wliich is ])roHont. 

o 0 


(I 


no 

IKJ 


(I o 
nt 


on 


no 

JIO 




/ 


on 

oil 


o 

o-P»'n/.<iq)n'ii()iU'. 2)-Pon/,oqninono. 

'riic' QuinonoiM ilu'ory of dyOHtulTH whh siiggoHicd by 
Niol-zki, but. was lirat apiili(«l to coloiirod organic aub- 
HtaiuiOH by Armstrong, ft has the atlvaiitago of illuatrat- 
ing dearly t he diilorcauu^ botwaoii the atructuro of a dyo- 
stiilT and that of its leiico-dorivativo ; it also illustratc^s 
tlio lUiHaturat^'d cliaracitor of tlm chroinoplmroH, and tho 
infhuMicu oxt'i’tod by t.ho posit-ion oc(ui|)iod by tho auxo- 
dironu'Hinth(iinolt'oul(',th('Hobcingg(ttioraIlyor//ioor59flr«. 

I'lio roooiit rcsi'araiu'H of Willstiit.i^^r, liowovor, havo 
sliown Uiat curtain dyuHtidTs owti thoir colour to tho 
(sombination of tho (niinonoid inolooulo wit-h its reduction 
product, and honoo belong to tho “ (piinliydroiioa.” 
Quinhydnimi is tho product obtained by the ad<lition 
of one jm)l<«'ulo of <iuinono to one of hydroquiiiono ; 
it is highly oohairod, and, admitting the totravalonco 
of oxyg<'n, inay 1)0 ro])roHo«t.od by tho formula : 

HO O 

A 


II on 
0 

(HiohUir, /irr., 1010, 48, 30(13). 
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The various dyestuifs have boon olaHsiliotl uooordinj; 
to the ohromophore present : 

Chap. X. Nitro-dyostuffs, 

„ XI. Nitroso-dyestiiffs or Quinoiio-oxinu's, 

„ XII. Azo-dyoatuffs. 

„ XIII. HydrazoiioB. 

„ XIV. Stilbono dyestuffs. 

„ XV. Diphonyhnothano dyostuirs. 

„ XVI. Triphonyhnothano (lycHtidlH. 

„ XVn. Xonthono dyestuffs. 

,, XVIII. Aoridino dyestuffs. 

,, XIX. Anthracene dyowtulTs. 

„ XX. Qumono-iini<lo dyiwliuffs (Indauiiiu's, ludo- 
phenols, Oxazinos, Thiazini's, Aziiu's). 

„ XXI. Indigo and indigoid dyostuirH. 

,, XXII. Thiazol dyestuffs. 

,, XXIII. Sulphur dyestuffs. 

„ XXIV. Auilino black. 



CHAPTER X. 


NITRO-DYESTUFFS. 

Thm iiitro-dyoHtiiffH ooniaiii tho iihrojuophoro NO 2 ; 
the moJitHiitro-doi'ivaiivoH of the hydroojirbous are 
oolourloHH or Hlighi.ly coloured, hut tlio intouHity of tho 
colour inoreaHOH wil.li the ntnubor of iiitro-grtmpH iiitro- 
duood. Ill order to convert thoHO chroinogona into dyo- 
stulfa, it JH neeoHHary to introduce auxoolironio groups. 
Tho character of tho groups to bo introduced is readily 
dooidod by tho following eoiiHideiiitiouH. 

Tho iiitm-chroiuophore gives an acid oliaraotor to niolo- 
oulos in which it is i)reHent, and it has boon soon that tho 
tinctorial proportios of a dyostuil will l)o bettor tho more 
pronounced its acid or basic character. Honoo, it is 
preferable to introduce auxochroinos suoh as OJi, 80^11, 
whoso acid oharmster will then bo added to tho offoot of 
tho elu*oinophoro itself. On tho other hand, basic auxo- 
ohromoH, sucli as EHj, EUR, NRa, will have their 
inlluoiitus opposed by tho Jioidity of the NOj group, and 
tho tinctorial power of tho product will bo tlinihiishod. 
In this tsase it is neeessary to inerotwe tho acidity by 
introduoing a suffioumt nuinbor of Tiitro-groups. It is 
for this roasoii that the majority of tho uitro-dyostuirs 
are nitro-d<»rivatives of tho ])hono]s or naphthols, or their 
sulphonio acids. 'I’lie mono-nitrophenols give coloured 
salts, but tliey do not behave as dyestuiTs, tinctorial 
})oworH only a})pearing with 1.1u> di- or tri-nitrophonols, 
Tho relative position of the OH and NOj groups has a 
great inUuonco, being most favourable when they are in 
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ortho- or ^jewa-position ; thus these dyestuffs may be 
considered as derivatives of ortho- or jJora-nitrophenol. 

Victoria orange is a mixture of the potassium salts 
of dinitro-o-cresol and dinitro-^-oresol, obtained by the 
nitration of the oresol sulphonio acids. It dyes wool 
and sUk a yellow colour. 

Fla/uaurine or New yellow is the 1:2:6: 4-dinitro- 
phenol sulphonio acid, obtained by the nitration of 
o-nitrophenol jj-sulphonio acid. 

, Picric acid is the 1:2:4; 6-tniiitrophenol : 


OH 


HO. 


/\ 


NO, 


NO 


It is the oldest of the artificial dyestuffs. It is obtained 
by treating a large number of organic substances, such 
as hide, skin, aloes, etc., with nitric acid. Woulfe 
prepared it in 1771 by the action of nitric acid on Indigo, 
and noticed that it had the property of dyeing silk 
a yellow colour. In 1799, Welter prepared it in a 
crystalline condition by the action of nitric acid on wool 
and on sUk. Its very bitter taste caused it to be given 
the name “ Welter’s bitter yeUow ” or “ picric acid ” 
(from iriKpos, meaning “bitter”). Laurent showed 
in 1842 that it is a trinitrophenol. 

Picric acid may be prepared by the nitration of phenol 
and of a large number of its derivatives, such as o-nitro- 
phenol, 53 -mtrophenol, dinitrophenol, and phenolsul- 
phonio acid. The lost mentioned has been employed 
by Schmidt and Glutz {Mon. Sci., 1878, 1116), and is 
used commercially. The apparatus employed is similar 
to that used in the manufacture of nitrobenzene. Equal 
parts of phenol and sulphuric acid (sp. gr. 1-84) are 
mixed and heated to 100“. Under these conditions, 
phenol jp-sulphonic acid is produced, and to ttiia an 
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excess of nitric acid is added ■with constant stirrmg. 
On cooling, the product forms a crystalline mass, which 
is separated, washed with water, and purified by re- 
crystallisation. The action of nitric acid on phenol 
Bulphonic acid is as follows : 

OH OH 

CjE,/ + 3HN0, = C5H,<^ + H^O, + 2H,0. 

SO,H (NO,)s 

Picric acid crystallises in yellow plates of m.p. 122 6°, 
which are slightly soluble in cold water, but ore more 
soluble m warm water and ui alcohol. It forms coloured 
salts, the potassium salt being remarkable for its slight 
solubility m water. On treatment with alkaline reducing 
agents, such as ammonium sulphide, picric acid readily 
gives picramic acid, dinitro-amidophenol, which is used 
for the manufacture of oertoia azo-dyestuffs. 


NO 


OH 

/\ 


NH- 


NOa 


On treating potassium picrate with a solution of 
potassium cyanide, an intense red coloration is pro- 
duced, due to tho formation of isopurpurio acid. The 
ammonium salt of this acid was for some time used under 
the name of Qr&nat soluble for dyeing wool and silk 
a reddish brown. Picric acid may also be used for 
dyeing wool and sillc yellow, but tho shades obtained 
are not very fast to washing or to light. Hence, picric 
acid is rarely used except in small quantities in ad- 
mixture with other dyestuffs. On the other hand, its 
explosive properties make it an important raw material 
for the preparation of explosives. It is introduced into 
sheUs in the molten state, being termed “ melinite ” ; 
“ lyddite,” “ roburite,” etc., are similar products. 
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M artius ydlow, or dinitro-a-naphthol, 


OH 



NOa 


This dyestuff has also been called Manchester yellow, 
Na^hthylamine yellow, or Nc^hthalene yellow, and was 
prepared commercially by Martius (E.P. 2786 (1864) ), 
by treatmg a-naphthol or o-diazonaphthalene with 
nitric acid. It is also formed on the nitration of 
a-naphthylamine, nitrosonaphthols, and 1:2: 41-naphtho 
disulphonio acid. This last-mentioned process is the 
method used in commerce (Darmstatter and Wiohelhaus, 
Ann., 1869, 152, 299) ; the sulphonic groups are replaced 
by nitro-groups, giving the dinitro-a-naphthol. 

Martius yellow crystallises in yellow needles of m.p. 
138°. Its alkali salts are very stable, as it is a strong 
acid, even decomposing carbonates. It dyes wool and 
silk a bright yeUow, which is not very fast to washing or 
to heat on account of its volatility. Its main use was 
m the colouring of edible pastes (vermicelli and macaroni), 
for which purpose NapMhol yellow S is now used. 

' Naphthol yellow S. 

OH 



NOa 


This dyestuff is also known as Acid yellow, Oiironine A, 
etc. It is the sulphonated derivative of Martius yellow, 
and is obtained by the nitration of a-naphthol tri- 
sulphonic acid (1 : 2 : 4 : 7), when the sulphonic groups 
occupying positions 2 and 4 are replaced by nitro groups 
(BA.SJ'., DJi.P. 10,786, Deo. 28th, 1879). Another 
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method of preparation is to sulphonate a-naphthol in 
such a manner as to give a mixture of the 1 • 2 • 7 and 
1:4:7 naphthol disulphonic acids, which i^ then 
treated with nitrous and nitric acid 20 716^ 

The salts of Naphthol yeUow S have been describi bv 
Knecht and Hibbert {Ber., 1904, 37, 3476). The 
commercial product is the potassium salt, which dv^n 
wool and silk a brilliant yellow. ^ 

^ Aurantia is the hexanitro-derivatdve of diphenyl- 
amine : 

(N02)30<,H2— NH— CeH2(N02)3. 

Hexanitro-diphonylamine was discovered in 1873 by 
Kopp, who called it “ Kaisorgelb.” It crystallises from 
acetic acid in lemon yellow prisms of m j*. 238°. 

The basic character of the diphenylamine is overcome 
by the acidity of the six nitro-groups present in the 
molecule, and hence hexanitro-diphenylamine behaves 
as an acid in which the hydrogen attached to nitrogen 
is replaceable by metals to form salts. Its salts are 
highly coloured. The commercial product is the am- 
monium salt, which crystallises in brownish red needles. 
Aurantia dyes wool and silk an orange colour, but has 
not been used sinoo the discovery of the azo-dyestufiEs. 

Constitution of the Nitro-Dyestuffs. 

It is laiown that the introduction of a nitro-group into 
a hydrocarbon molecule gives acid properties to the 
atoms of hydrogen attached to the same carbon atom. 
It is for this reason that nitromethane, nitroethane, 
phenyhaitromothane, etc., dissolve in alkahes to form 
true salts. V. Meyer first stated that in these salts the 
mOtallio atom is substituted for hydrogen and hence 
dheotly Hnked to carbon : 

CHa— CHa— NO2 OHs— CHNa— NOg. 

The study of these derivatives showed that the alkali 
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salts are related to an isomeric form of the nitro-oom- 
pound, which is formed when salt-formation occurs. 
These tautomeric forms were called “ iso-nitro-” com- 
pounds, and a certain number of iso-nitro-compounds 
have since been isolated whose constitution is expressed 

by: 0 

R.CHa— NOa -> R— CH = 

OH 

Nitro. Jso-nitro. 


The nitrophenols form two series of salts with alkalies, 
a colourless series and a coloured series. Hantzsoh 
(Rer., 1906, 39, 1084, 3072) has explained this fact by- 
regarding the coloured salts as derivatives of iao-nitro- 
oompounds, called “ oci-nitrophenols.” 
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As -will be seen from the third formula (quinone), 
aci-nitrophenols are derivatives of quinone. The same 
holds good for all the dyestuffs of this group. 



CHAPTER XI. 

NITBOSO-DYESTUPPS OE QUINONE-OXIMES. 

When nascent nitrous acid acts on phenol, a nitroso- 
derivative is formed in which the nitroso-group occupies 
the para- or oriAo-position : ^ 

OH 

+ HNO0 = H2O + 

(I.) 

The nitrosophenols are also obtained by the action 
of hydroxylamine on the quinones, and hence nitroso- 
phenols may be considered as oximes of the quinones ; 
hence the name quinone-oximes. The true nitroso- 
phenol (1.) can change immediately into the oxime of 
quinone '(II.). ^ The faot that mtrosophenols are con- 
verted into dioximes by hydroxylamine, constitutes 
another proof in. favour of formula II. There are, how- 
ever, jp-quinone oximes and o-quinone oximes ; these are 
coloured substances the salte of -which possess an even 
more intense colour. The o-quinone oximes have the 
property of forming insoluble lakes with metaUio oxides, 
i.e. they are dyestufEs which dye on metallic mordants, 
the commonest mordant being fenio hydroxide, -which 
gives intense green shades. The most important dye- 
stufEs of this group are : 
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- Dinitroso-resorcinol, obfcainocl by troaiing an aqueous 
solution of resorcinol with iiaflcojit nitrous acid. It 
cr3rstallises in brown plates of M.i*. IIG®, and has tho 
following constitution : 


o 



Non 


It gives olive groon shades on iron mordant, and 
comes into connnorco under tho names X^ast green, 
Busaian green, Alaace grem. 

Nitroaonaphthols are produced on treating naphthols 
with nascent nitrous acid : /i-naphtliol gives a-nitroso- 
;8-naphthol (I.) ; a-na])hthol gives two nitroao-oom- 
pounds, /3-nitroao-a-naphthol (11.) and a-nitroso-tt-napli- 
thol (III.). 


Non o o 



NOII 


(TIL) 

Compound I. is called Qambin Q or Y, and compound 
II. is known as Uamhin R ; they are commercial in 
the form of pastes, and both give gi’oon shades on iron 
mordant. On treatment witli nitritci, 2 : 7-dihydroxy- 
naphthalone gives Dioxin. Ncqththol green is obtained 
in a similar manner from Sehiillor’s /£?-naphthol mono- 
sulphonic acid. 
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p-NitroaodimethylanUine, NO — 

Tertiary aimnee also react with nascent nitrous acid 
to give nitroBO-derivativefl, which oro not dyestuffs, but 
are important intermediate products. Nitroaodimothyl- 
aniline is prepared as follows : 200 grms. of dimothylonilino 
are dissolved in 600 co. of hydrochloric acid diluted with 
600 or 600 co. of water, and a concentrated aqueous solution 
of 116 grm. of sodium nitrite added slowly from a tap- 
funnel immersed in the liquid. Tlio vossol in which the 
reaction is carried out is immersed in a freezing-mixture 
of ice and salt, end it is advisable that the temperature 
should not rise above 6 to 10“. Nitrosodimothylanilino 
hydrochloride is precipitated in small yellow noodles, which 
are separated, washed with a small runoiuxt of water, and 
dried at a low temperature. For almost all purposes, the 
hydrochloride may be used instead of tho free base, wliich 
is obtained on deoomxjosing with on alkali, and forms green 
crystals of m.p. 86“. 

Dimethyl-p-phenylmediaminat NH^ — 0,,H4— N(CH,,) 2 . 

The hydrochloride of tho above compound may bo 
used directly for the preparation of this important 
diamino. Fifty gnn. of nitrosodimoihylamline hydro- 
chloride are added to a cooled mixture of 160 co. of con- 
centrated hydrochloric acid and 50 grm. of granulated tin. 
The nitrosodimethyleniline dissolves, and tho solution, 
which is slightly coloured, or even colourloss if tho tempera- 
ture has been kept suffidontly low, is loft for twonty-four 
houi'S. Tho stanniohloride of tho diamino is pr(M3ipitatcd 
in dense crystals, which are soparatod, docomposod with 
concentrated caustic soda, and allowed to cool. Tho 
diamine separates as an oil which rapidly turns brown on 
exposure to air ; it is extracted with benzene, the benzene 
solution separated, washed, and concentrated. Tho residue 
is then distilled in vacuoy and yields dimethyl-p-phonylone- 
diamine as a colourless liquid which solidifies to a white 
crystalline solid of m.p. 41°, b.p, 262-3°, 



CHAPTER Xn. 

V AZO-DYESTXJFFS. 

Thi azo-compounds contain the ohromophoro 

~N=N— . 

On treating the salt of a primary aromatic amino with 
nascent nitrous acid, a “ diazo-oompound ’* is formed, 
as follows ; 

E^NHa-HCl + HNO 2 = 2HsjO + R— N=N— Cl. 

The diazo-oompounds are generally colourless ; they 
combine with amines and phenols derived from bonzono 
and naphthalene or their substitution products (nitro-, 
sulphonated, halogenated, etc., compounds), giving rise 
to numerous intense dyestuffs of various shades. 

Historical, The action of nitrous acid on primary 
amines is called “ diazotisation ” and was discovered by 
P. Griess, who showed, in 1864, that diazo-oompoimda 
combine with amines. Later it was shown by Kekuld 
and Hidegh that they also combine with phenols. Before 
Griess had recognised the wide application of his method, 
amidoazobenzene, AnUmc ysZiW, had already been, 
prepared by the action of nitrous acid on aniline (1869). 
In 1866 Martiua applied the diazo-reaotion to diamines, 
particularly wi-phenylenediomine, which gives a brown 
dyestuff, Bisma/rck brauan, which bos been prepared 
commercially since 1866. In 1876, Coro and Witt 
combined the diazo-oompounds of primary amines with 
di amin es, and obtained the Chryaoidinea. About the 
same time, Roussia in Prance, and Griess and Witt in 
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England, prepared Orange I. and II., in which tho 
naphthols, which were then much more difficult to 
obtain, were used for the first time. 

From this time the number and variety of azo- 
dyestuffs rapidly increased ; tho sulphoiiio aoida of 
various aminos wore diazotised and combined with tho 
numerous isomeric sulphonio acids of tho naphthols 
and naphthylaminos. Tlius, in 1878, there appeared 
the Ponceaitx of tho Hoohst Farbworko (Meistor, Lucius 
and Brtining), the Orchil substitutes of Koushui and 
Poirrier, etc. 

Azo-dyestuffs which contain an amido-group may 
be diazotised to yield now dycHtuffs containing t.wo 
— =N — ohromophoros ; thoao arc called “ disazo- 
oompounds,” the first of which, Biehrich scarlet, was 
prepared by Nietzki in 1879. In this manner tho 
possible number of oompoundH was oonHitlerai)Iy in- 
creased. A notable discovery was made in 1884 by 
Boettiger, who tetrazotisod benzidine (produced by tho 
molecular change of hydrazobeuzono in prosonoo of aoid : 

CeHs-NH— NH~C„H5 ^ NHj . OeH^— .NH,), 

and combined with naphthionio aoid, when a rt»d 
dyestuff was obtained which dyod oott{)n directly, 
whereas all the azo-dyostuffs known previously only 
dyed animal fibres. This dyestuff, called Uo 7 i(/o red, 
was prepared by tho Berlin Aktiongt^sollsohaft. Bonzi- 
dme and its various homologuos yield innumcrablo 
dyestuffs on combining with naphthol sulphonio acids. 
In 1887 Green discovered a now sorios of substantive 
dyestuffs derived from Primuline, Certain of theso dye- 
stuffs may even bo prepared directly on tho fibre. This 
resulted in the introduction of a now practical process 
in dyeing, that of tho “ Ingrain ” dyestuffs, which led 
to the direct production of insoluble azo-dyostuffs on 
the fibre, such os Paranitraniline red, (t-NaphthyUi 7 nine 
bordeaux, etc. By still further oom])lioating tho molcoulo 
of the azo-compound, trisazo- and polyazo-compounds, 
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oontaiping the chromophore three or four times, are 
obtained. Brown and black dyestuffs for wool and for 
cotton have also been prepared. 

At present these complicated methods are being 
abandoned and the monoazo-derivatives of substituted 
o-amidophenols are again being largely used ; these yield 
mordant dyestuffs, which are apphed in a particular 
manner. The wool is dyed as usual, and then treated 
with a solution of potassium dichromate, when the shade 
undergoes a remarkable change ; it darkens, and becomee 
very fast ; very r^stant blacks may be obtained in 
this way. They are termed “ chrome-developed ” oi 
“ after-chromed ” Aao-dyestuffs. 

The azo-dyestuffa known at present number manj^ 
thousands, but they only represent a small fraction oi 
the number possible according to theory, Blilow having 
calculated that about 3,160,000 may exist. 

^ Preparation of Azo-compounds. 

The production of azo-compounds mcludes severa 
operations : 

1. The diazoUaation of the primary amine ; 

2. The combination of the diazo-compound with ar 
amine or a phenol, often called coupUng ; 

3. The precipitation of the dyestuff from the solutior 
in which it has been formed. 

The conditions under which the various operation 
should be carried out were described in the Enghsl 
patent taken out by Griess on October 4th, 1877 (identioa 
with D.R.P. 3224). 

1. Diaaotisation. 

In this process the salt of an amine is converted 'mt( 
the corresponding salt of the diazo-compound by th< 
action of nascent nitrous acid, produced by the decom 
position of sodium nitrite with dilute hydrochloric acid : 
R— NHa • Ha H- NaNOa -1- HQ 

= NaQ + 2HaO -h R . N = N . Q. 
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Compounds which are true salts contain pentavalent 
nitrogen, and are called “ diazonium salts ” : 

R— N— Cl 

III 

N 

This reaction is generally quantitative and rapid, 
often instantaneous. When a simple amine, such as 
aniline or o-toluidme, is being diazotiaed, it is essential 
to add a large excess of mineral aoid. If this precaution 
is not taken, a secondary reaction occurs, due to the 
combination of the diazo -compound produced with a 
portion of the original amine. In the cose of aniline, 
diazoamidobenzeno would be formed, thus : 

CoH 6.N=N.G1 + HjjN.OeHs 

= HCl -I- CflUg . N . NH . CflHg. 

The presence of this compound is shown by the yellow 
colour of the solution ‘and the formation of a yellow 
precipitate. This secondary reaction is avoided by 
keeping the solution sufficiently aoid, by adding three or 
four equivalents of hydrochloric acid instead of the two 
theoretically necessary. 

Diazotisation should take place at a low temperature, 
about 0°, as diazo-oompounds are more or loss decomposed 
on heating their solutions. Certain diazo-oompounds 
decompose even at several degrees above 0° ; others, 
on the other hand, are stable up to about 100° {e.g. 
the diazo-compound of Primulino). The decomposition 
tak^s place with liberation of nitrogen, and phenol is 
produced : 

CeHfi.N-N.Cl + HaO =- HCl + Na + OgHsOH. 

Hence this constitutes a method for preparing a 
phenol from an amine. 

In actual practice, the dilute solution of the amine 
to be diazotised in the necessary amount of mineral aoid 
(two, three or four equivalents) is poured into a tank 

O.D. u 
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fitted with a moolianioal stirrer (Fig. 4). This solution is 
cooled with ico, or in moro porfoot phints by tho circula- 
tion of brine, cooled to -10“ by an ico-maohino, in a 
coil unmersed in tho tank. When the temperature 
is low enough, tho sodium nitrite solution is run in 
slowly, the process being followed by means of starch- 
iodide paper (zinc iodide is preferable to potassium 


I 



A. Mndluin iiltrito. 
a. DlnzoUdluKVOSHo]. 
A'. OonipruHwir. 


iriR. 4. 


Ji. naiiRO for moamirlug the nitrite. 
J). VphhoI for ooupllnB. 

A*. Mtor press. 


iodide, jis its antisoptio properties prevent tho alteration 
of tho starch). Excoss of nitrite is detected by the 
production of it deep violet eolour when a drop of the 
solution is placed on the paper. 

When amines , of which tho salts aro only slightly soluble, 
are to bo diazotised, such as naphthylamines, benzidine, 
eto., they aro finely powdered, and* then suspended in 
dilute acid ; addition of nitrous acid causes their solu- 
tion, owing to tho formation of the dlazo-oompound. 
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This process is carried -somewhat differently 
according to whether it in^l^ ^Combination with a 
phenol, a naphthol, or one of theh^siff|)honii3 acids, or with 
an amine. In the first case phenols, naphthols, and their 
sulphonio acids) couplmg is carried out in allcaline 
solution. For this purpose the product is dissolved in 
an excess of caustic soda or sodium carbonate, and the 
diazo-solution prepared as above is added, the excess 
of alkali being sufficient to keep the liquid alkaline. In 
the case of an amine, it is dissolved in dilute acid, and 
coupling is effected in neutral or acid solution ; amido- 
sulphonic acids are dissolved in alkalies, and the reaction 
is earned out in neutral or acetic acid solution. 

In commerce, the product to be coupled is dissolved 
in a suitable manner, and its solution placed in a vat 
situated at a lower level than that which contains the 
diazo-solution, to which it can be added The vat is 
fitted with a mechanical stirrer which stirs the liquid 
throughout the process. The formation of the dyestuff 
oommences immediately at a more or less rapid rate, and 
IS often accompanied by the evolution of a considerable 
amount of heat. The mixture is allowed to stand for some 
time, and the reaction then completed by warming gently. 

3. Precipitation of the Dyestuff. 

The dyestuff does not often separate of itself, but is 
precipitated by addition of salt, the method recommended 
by Griess. Sometimes, when the free acid of the dyestuff 
is insoluble in water, it is precipitated by addition of 
mineral acid. These methods are general, and may 
be apphed m aU coses. In commerce, common salt 
is added to the warm solution of the dyestuff, and is 
dissolved rapidly by stirring ; the dyestuff soon separates 
in a more or less dense granular powder. The progress 
of the reaction is followed by spotting the liquid on 
filter-paper, when the precipitate is surrounded by a more 
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or less coloured ring ; when the intensity of this colour 
no longer decreases, the addition of salt is stopped. The 
stirring is continued until the liquid is quite cold, and 
then the liquid is treated in a jBLlter-press as for the 
separation of the sulphonic acids (see p. 27). The 
cakes obtained are then placed in a drying-oven. These 
ovens are brick chambers, heated by steam coils ; in 
them are placed the trays containing the dyestuff to 
be dried. This method of drying is rather long, and the 
use of vacuum ovens is now preferred. The trays 
containing the precipitate are placed in a pile in a hori- 
zontal cylinder, which can be hermetically sealed. Steam 
pipes arranged at the bottom may be used for raising 
the temperature of the inside of the vessel, which is 
evacuated by means of a pump 

After drying, the dyestuff is powdered in nulls, of 
which there are many types. One of the simplest 
consists of a horizontal cast-iron cylinder, which can be 
rotated round its axis, and in which the dyestuff to be 
ground is placed. After rotating for one or two days, 
the dyestrdf is reduced to an impalpable powder. The 
finn-l process consists in bringing the dyestuff to the 
“ commercial standard,” that is to say, the concentration 
desired for the market. For this purpose, comparative 
dye-trials are made, and the necessary dilution is made 
by adding the necessary amount of salt, sodium sulphate, 
dextrine, etc. 

CLASSIFICATION OF AZO-DYESTUFFS. 

According to whether an azo-compound contains one 
or more — N =N — chromphores, it is called a monoaao-, 
disazo-, trisazo- or polyazo-oompound. 


MONOAZO-DTESTXTPrS. 

The simplest monoazo-compound is azobenzene : 

OgHg — =N C0H5. 
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This is a red substance, but bas no dyeing properties. 
It is a obromogen of great importance, and it is 
only necessary to introduce salt-forming groups (auxo- 
cbromes) to obtain dyestuffa. Its sulpbonio acid is 
a weak dyestuff, possessing a sHgbt af^ty for wool. 
Tbe amido-, allcylamido- and hydroxy-derivatives of 
azobenzene are dyestuffs ; they are prepared by tbe 
action of any diazo-compound on an amido- or hydroxy- 
compound. The mono azo-dyestuffs may hence be repre- 
sented by tbe general formula : 

X— N =N— Y 

in which X represents tbe radicle of tbe amine used for 
tbe preparation of tbe diazo-compound and Y the radicle 
of tbe amine or phenol which has been coupled with 
this diazo-compound. 

Properties. Tbe monoazo-oompounds have an acid 
or basic reaction according to the nature of tbe auxo- 
chromes present ; those derived from phenols or their 
sulpbonic acids are soluble in alkabes. The alkalme 
solution often has a different colour from that of tbe 
original substance ; this property is appb'ed in the use 
of mdicators, e.g. Methyl orange. Concentrated sulphuric 
acid dissolves azo-compounds, yieldmg coloured solu- 
tions. Concentrated nitric acid decomposes azo-oom- 
pounds, and this bas been used to ascertain their con- 
stitution (Schmidt, Ber., 1906, 38, 3201). Thus : 

SO 3 H . OeH* . N =N . CeH, . NCCHs)^ + 2HN08 
= S03.C6H4.N=N + (NOa)3CeH3.N(CH3)3 -h 2H3O. 

Chlorine, bromine and bypoohlorous acid also de- 
compose azo-dyestuffs. In aqueous solution hydroxyazo- 
benzene gives with chlorine 2:4: 6 -triohloipbenol 
and benzene diazonium chloride (Schmidt, J. praht. 
Chem., 89, 239). 

One of tbe most important reactions is that of reducing 
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follo-vvs • completely destroy the dyestuff, as 

X— N=]sr-~Y + 4a; = X . nh^ + mL^ . y. 

The amino from, ■v^hich the diazo-compound was pre- 

oompound Y, which was 
r?vi diazo-oompouud, is converted into an 

aiiudo-donyative. This reaction may serve for the 
dotonnmation of the composition or even the constitution 

1719 ; 1888, 21, 

„ V i. convenient reducing agents are : zinc 

IK y icch one acid, zinc and ammonia, zinc and 
caustic soda, tm and hydrochloric acid, stannous chloride, 
(Knecht and Hibbert, Ber., 1906, 38, 
(Gro^dmougm, Ber.. 

The inonoazo-dyestuffs will be considered in two 
groups : 

1. IhoHo formed by the combination of the diazo- 
ooin})oun(l of any amine, X . NH^, with a hydroxy- or 
amiclo-donvativo of a benzene hydrocarbon. In this 
oiiso Y will represent an amine, a phenol, or one of their 
don vail voH. 

2. I hose formed by the combination of any diazotised 
ammo with a hydroxy- or amido-derivative of naphtha.- 
lerio ; in this caso Y will represent a naphthylamine, a 
iiaphthol, t)r oiio of thoir sulphonic acid or other deriva- 
tives. 

When Y is a hydroxy-compound, the azo-compound is 
called a hydro xyazo-compound ; when Y is an amine, 
the azo-oompouiid is called an amidoazo-compound. 


Monoazo Derivatives of Benzene. 

Gonstiiution, The combination of a diazo-compound 
with an amino is governed by a certain number of rules : 

I. Coupling takes place in the para-position to the 
auxoohromo groups, OH, NHg, NKg, when this is free. 
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n. If the ^jara-position is occupied, coupling occurs 
in the oriAo-position. 

m. If both ortho- and ^jara-positions are occupied, 
coupling does not occur. 

Note . — ^These rules have several exceptions. Cases 
are known in which the jpora-position is occupied, but 
coupling will not take place, although the oy£Ao-poBition 
is free Thus, dimethyl-p-tolmdine, dimethyl-;j)-brom- 
aniline, and dimethylsulphanilic acid do not combine with 
diazo-compounds (Scharwin and Kaljanow, Ber., 1908, 
41, 2068). In other cases, when the ^Jam-position is 
occupied by an unstable group, this group may be 
eliminated during coupling, which then takes place in 
para-position. For example, p-hydroxybenzoic acid, di- 
methyl-p-omidobenzoic acid, and even tetramethyl- 
diamidodiphenylmethane, combine in para-position with 
diazo-compounds, with ehmmation of carbon dioxide 
and formic acid (Limpricht and Fitze, Ann,, 1891, 268, 
230). 

Hydroxyaao-compounds. 

The simplest compound of this class is kydroxyazo- 
benzene : . N , CcH^ . OH. 

It is prepared by combining a diazonium salt with 
phenol in alkaline solution, or by condensing aniline 
with nitrosophenol. It orystaUiaeB in orange needles 
of M.P. 161°. On treatment with fuming sulphuric acid, 
it gives a monosulphonio acid • 

SOsH.CeH4 . N =N . CeH^.OH, 
which may also be obtained by coupling diazo-sulph- 
anilic acid with phenol. Its sodium salt is called 
TropceoUn Y, which dyes wool a rather dull brownish 
yellow. 

Dihydroxy azobenzenes. Symmetrical dihydroxyazo- 
benzene is known, being obtained by oxidation of the 
corresponding hydrazo-oompound, but it is not of any 
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importance. The asymmeirioal dihydroxyazobenzene is 
obtained by combining a diazonium salt with resorcinol ; 
fuming sulphuric acid converts it into the ^JHSulphonio 
acid : 

SO3H . O3H4 . N = N — \oH 

I 

OH 

which is also obtained by coupling diazo-sulphanilio 
acid with resorcinol. The sodium salt is called Tropceolin 
0 or Resorcin yellow. It dyes wool a reddish yellow 
shade. 

Amidoazo-compounds. 

AMiDOAZOBBNZHiirii, the first member of this series, is 
obtained by a peculiar reaction, namely the molecular 
change of diazoamidobenzene in presence of an excess 
of aniline. One equivalent of aniline hydrochloride is 
dissolved in five or six equivalents of aniline ; to this 
mixture, warmed to about 30-40°, is added a concentrated 
solution of a little more than one equivalent of sodium 
nitrite. After standmg for two hours at 40°, and then 
for twelve hours at the ordinary temperature, an excess 
of hydrochloric acid is added. Amidoazobenzene hydro- 
chloride is precipitated in block needles. It was used 
under the name of Aniline yellow from 1861-3 for dyeing 
wool. It is now used as ttie raw material for the pre- 
paration of _p-phenylonediamme, which is obtained by 
reduction (see Schultz, Chemiedes Steinhohlenteer a, i., 87) : 

CeHg . N=N . C0H4 . NHa + 4 H 

- CeHgNHa -h OeH^CNH^),,. 

On treatment with fuming sulphuric acid, this com- 
pound gives a mixture of the mono- and di-sulphonic 
acids, the sodium salts of which are known Add 
ydlow Q, New yellow, or Fast ydlow (for details see 
Wtirtz, DyAionnaire de chvmie, article on “ Colorantea 
(mati&res),” p. 1313 in 2nd supplement). 
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' Dimethylaimdoazobenzene, 

CeH,-N =N-C A— N(CH3),. 

is obtained by combining a diazonium salt with, di- 
methylaniline ; the free base crystalliseB in yellow plates, 
and is used for colouring butter ; the hydrochloride 
forms violet needles. The sulphonio acid, produced by 
the oombination of diazosulphanilio acid with dimethyl- 
aniline, is called Helianthin. Its alkaline salts are 
called Orange III. [P.], TropoeoUn D, and Methyl 
orange. They dye wool yellow, and are used as iudi- 
oators. 

Phenylamidoazoh&nzene, 

CeHa— N =N— CeH^— NH— CA. 

The sulphonio acid of this compound was discovered 
almost simultaneously by Witt, Griess and Eoussin 
(1876-7), by coupling diazo-sulphamlio acid with 
^phenylamine. The alkali salts have the names 
Orange IV. [P.], Dipheruylamine orange, New yellow, etc. 
In the same manner, diazometanilic acid yields Metanil 
yellow, the shade of which is more yellow. By nitrating 
Diphervylcmine orange, Kheoht has obtained the nitro- 
derivatives : Azo yellow, 'Azoflavine S, Indian yellow, 
Citronine, etc. 

Diamjdoazobenzhnb. Symmetrical and asymmetrical 
derivatives are known, the latter being the more impor- 
tant. 

' Chrysoidine, 

C,Hj— N = N— 

was discovered by Caro and Witt in 1876-6 by ooupliug 
diazobenzene chloride "with m-phenylenediaTni-ne. The 
free base crystalliseB in yellow needles, and forms two 
series of salts, of which those oontaiaing one molecule 
of acid are stable. Commercial Chryaotdirie is the 
hydrochloride, which forms octahedral crystals, and 
dyes wool, silk, and cotton mordanted with tannin, 
orange shades. 
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. TRtAMIPOAZOBBNZBKBl, 

NH^-OA-N =N-CeHa<^“-_ 

was first prepared by Martius in 1864 by treating 
m-phenylenediamine with, nascent nitrous acid, and was 
manufactured in England by Dale in 1 866 . This reaction 
yields a mixture of triamidoazobenzene and a much 
larger amount of a disazo-oompound (Tauber, B&r., 1897, 
80, 2111, 2899; Mdhlau and Meyer, ibid., 2203) which 
forms the commercial product Bisma/rch brown, Vesuvine, 
Phenylene brown, or Manchester brown. It is a basic 
dyestuff, which gives brown shades on wool, leather, 
and cotton mordanted with tannin, and is stiU used. It 
has since been found (Tauber, Ber., 1900, 83, 2116) that 
nitrosophenylenediamine is also obtained on treating 
m-phenylenediamine with nitrous acid. 

. Monoazo Derivatives of Naphthalene. 

ConstitiUion. These dy^tuffs are formed by the 
combination of any diazo-compound with a naphthol, a 
naphthylamine, or one of their derivatives. Here again 
this combination is governed by rules which are as 
follows : 

I. In the case of a-naphthol, a-naphthylamine and 
their sulphonic acids, coupling takes place in para-{a) 
position to the OH or NHg groups, providing this position 
and the adjacent /3-position are both free. If either of 
these positions is occupied, coupling occurs in ortho-^fS) 
position to the OH or NHg groups. In case this last- 
named position is itself also occupied, no coupling will 
occur. Examples of this are : 

(а) Diazobenzene chloride combines with a-naphthol 

to give benzene azo a-naphthol (I.). 

(б) Diazobenzene chloride umtes with Neville- 

Winther’s a-naphthol sulphonic acid to give 
the azo-oompound (11 ). 
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OH 80aH 

(I.) (n.) 


(c) Diazobenzene chloride gives •with ohromotropio 
acid the dyestuff 


OH OH 



n. In the case of ^-naphthol, ^-naphthylamine and 
their sulphonio acids, coupling occurs in the a-position 
adjacent to the OH or NHg groups, and never in the 
jS-position. If the adjacent o-positiou is not free, 
combination does not occur. Thus ^-naphthylamine 
combined with diazobenzene chloride gives • 

H=N— OflHs 



It foUo'ws that derivatives of a-naphthol and of 
a-naphthylamine can give rise to pam-hydroxy- or oriho- 
amidoazo-compoundB, according to whether the azo- 
group is placed in poro- or ori^-position to the auxo- 
chromes ; the derivatives of /3-naphthylaniine and 
/3-naphthol •will always be ori^-azo-compounds. The 
oriJto-derivatives generally have greater tinctorial pro- 
perties. 

Hydroccyazo-convpourids. 

The azo-compounds which are formed by the com- 
bination of non-sulphonated diazo-compoundfl 'with 
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naphthols are insoluble in water. Some have been used 
for colouring fats and soaps, and some maybe fixed on the 
fibre by a special process. In order to obtain soluble dye- 
stuffs, it is necessary to introduce into the molecule one 
or more sulphonic acid groups. Direct sulphonation 
gives mixtures of complex isomers, and it is preferable 
to proceed according to one of the foUowiug processes . 

1. Combination of a diazo -sulphonic acid with a 
naphthol, 

2. Combination of a diazo-compound with naphthol 
sulphonic acids. 

3. Combination of a diazo-sulphonio acid with naph- 
thol sulphonic acids. 



Derivatives of a 

■napMhoL 

Dybbtubi 

AUINB DlAZOnSBl) 

COOTLHD WITH 

Tropaolin 30 
or Orange I. 
TropceoUn 40 
or AzoaocoinR, 
Azoooooine 2R. 
Soudan hrmon. 
Azorubine S. 
Azoeosine. 

Sulphanilio acid. 

Aniline. 

Xylidme. 
a-N aphthylamino 
Naphthionio acid. 
o-Ahiflidme. 

a-Naphthol 

N.W. acid. 
N.W. acid 
a-Naphthol 
N.W. acid. 
N.W. acid. 


Shabb on Wool. 


Orange. 

Brick red. 

B«d. 

Bed. 

Beddiflh purple. 


Certain insoluble azo-derivatives of /S-naphthol have 
become of great importance ; they are p-nitrobenzene- 
azo-/l-naphthol or Pa/ranitraniline red, and naphthalene- 
azo-)d-naphthol or a-Naphihylamine hordea/ux. Dyeing 
with these insoluble dyestuffs is carried out by first 
impregnating (padding) the cotton with a solution of 
/S-naphthol in caustic soda, and then, after drjdng, 
immersing the material in a solution of diazo-p-nitram- 
line or diazonaphthalene, when the dyestuff develops 
immediately. In place of /8-naphthol, Naphthol AS. 
[Griesheim Elektron], the anilide of /S-oxynaphthoio acid 
is now used to produce more brilliant ^ades of general 
fastness. 
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To obtain soluble products, the monosulphonic 
acid, orocein acid, and more frequently the disulphonio 
acids R and G are used. It is to be noted that the 
same diazo-compound gives dyestuffs of very different 
shades "when oombmed with R acid or G acid, although 
these two derivatives only differ in the position of one 
sulphonic acid group (see p. 41). Generally, the shades 
obtained with R acid are more towards the violet portion 
of the spectrum , whilst G acid yields orange shades 
with diazo-Gompounds of the benzene series, R acid 
gives red shades. (This is the reason that these are 
called R and G acids, from the German words Rot 
(red) and Gdb (yellow)). 

The dyestuffs so obtained are very numerous ; to 
this group belong the Ponceaitx, Scarlet, etc. 

Derivatives of P-naphihol. 


DYHBTOTP. 

Ponceau 

[B,A.S.F.]. 

Orocein orange, 
Bnllvmt orange. 
Orange Q [A.],[M.L.B,] 
[B.A.S.F.]. 

Ponceau 2(? [A.], 

[M L.B.], [B.A.S.F ]. 
Orange No. 3. 

Ponceau O. 

Ponceau RT. 

Scarlet QR. 

Ponceau 2B [A.]. 
Ponceau Q. 

Ponoean 3i? [M.B.B I, 
Bordeaux B [M.L.B.]. 
OryataL Scarlet [C.]. 
Orange II. 

RocceUvne. 

BrUUant Ponceau. 
Azorubine 2B. 

Orocein 3J5X [Bj'.]. 


Amsra Diazoxisbd 

OOUriiED WITH 

Aniline. 

Schafler’s 

acid. 

99 

G add. 

99 

R add. 

m-Nitranilxne. 

R add. 

ToluidJne. 

G add. 


R add. 

Xyhdine. 

Schaffer’s 

acid. 

99 

R add. 

99 

Q add. 

i^-Oumidine. 

R add. 

tt-Naphthylamine 

99 

a-N aphthylomine. 

G add. 

Sulpnaniuo add. 

/3-Naphthol. 

Naphthionio add. 

99 

99 

G add. 

99 

R add. 

99 

Crocem aoid. 


SHADH on WOOIi 


Orange. 

Orange. 

Reddish orange. 

Orange. 

Orange. 
Yellowish red. 

Red. 

Orange. 

Red. 

99 

99 

Orange. 

Red. 

99 

99 

99 
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~ Prejocaration of Crystal Scarlet. 


OH 



SOsNa 


a-Naphthylamine may be diazotised by suspending 
it in dilute hydrochloric acid and adding a solution of 
sodium nitrite, but, if it is considered preferable to have 
the a-naphthylamine in solution before diazotising, 
a-naphthylamine hydrochloride must first be prepared. 
For this purpose, 100 grams of the base are dissolved in 
400 to 600 grams of warm alcohol, and an excess of con- 
centrated hydrochloric acid added ; the hydrochloride is 
deposited in silver plates which are separated when 
cold. 18 parts of this hydrochloride are dissolved 
in 600 parts of water, to which have been added 200 
parts of dilute hydrochloric acid (1 : 10), and, when all 
of it has dissolved, the solution is cooled to 0° with ice and 
diazotised by adding a solution of 7 parts of sodium 
nitrite in 60 parts of water. After about ten to fifteen 
minutes, the liqmd is poured into a solution of 40 
parts of G salt dissolved in 700 parts of water, to which 
8 parts of caustic soda have been added. The dyestuff 
forms slowly, and is precipitated in a crystalline condition. 

a-Naphthylamine hydrochloride may also be diazotised 
by suBpendipg in 200 parts of dilute hydrochloric acid 
(1 : 10), cooling to 0°, and adding 100 parts of a solution 
of sodium nitrite (7 grams per litre), when the naphthyl- 
amine salt dissolves slowly, the remainder of the process 
being carried out as above. 

Dihydroocyazo-corrvpounds. 

These compounds are obtained by coupling diazo- 
compounds , with the dihydroxynaphthalenes or their 
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sulphonio acids. The most important dihydroxynaphtha- 
lencB for this purpose are the 1 : 5 and. 2 : 7 isomers j the 
sulphonio acids most frequently used are those in 
which the OH groups are in the 1:8 or jicri-position 
Qjeri-dihydroxynaphthalene sulphonic acids). Of the 
monosulphonic acids, “ S acid,” and of the disulphonic 
acids, ohromotropio acid, are the most interesting. 

OH OH OH OH 


SO3H 

S acid. COrromotropic acid. 

S acid is prepared from naphthalene a-sulphonio 
acid, which is nitrated and the product reduced, giving 
a mixture of 1 : 6 and 1 : 8 a-naphthylamine sulphonic 
acids, which are separated. The 1 : 8 or “ Schbllkopf 
acid” is sulphonat^, when it gives 1-naphthylamine- 
4 : 8-disulphomo acid {D.EJP. 40,671). The sodium salt 
of this acid is heated at 180° with water in an autoclave ; 
or diozotised, and the diazo-compound boiled with 
water {D.R.P. 67,388, 74,644). Finally, the a-naph- 
thol-4 : 8-diaulphonio acid so obtained is fused with 
caustic soda {D R.P. 64,116). 

On combining S acid with diazobenzene or diazo- 
toluenes, or their sulphonio acids, it gives a series of 
dyestuffs called Azomagentas. Chromotropic acid gives 
the Ohromotroipes ; these dyestuffs dye wool, and the 
dyed fibre may be developed by chroming. The shade, 
which is at first red or violet, becomes an intense black 
or bluish black on treating with dichromate. 

Amidoazo-com/pounds. 

These are only of secondary importance, the only 
mteresting one being the red dyestuff called Orchil 
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substitute, prepared by Roussin and Poirrier in 1878 
by combining diazo-p-nitraniline with naphthionio acid. 


Hydroxy -amidoazo-compounds. 

The mono-azo-dyeatnffs derived from H acid and 
Gamma acid do not dye cotton, but some of the mono- 
azo-dyestuffs from J acid are direct dyestujEEs , whereas 
the azo-compounds from amines of the benzene series 
do not possess any affinity for cotton, on coupling with 
a-naphthylamine, J acid gives a good direct colour. 

The use of N-substitut^ J acid derivatives containing 
an external amido-group, or an amido-group attached 
to a heterocyclic nucleus, has led to a large number of 
valuable dyestuffs, mostly dyeing orange to red shades, 
the amido-group of which can be diazotised and developed 
with ^-naphthol for the production of bright red colours. 
The Rosanthrene dyestuffs were the first of this series. 
The simplest one, RosaniThrene 0 [CI.B.], is prepared 
by combining diazobenzene with the reduction product 
of the condensation of w-nitrobenzoyl chloride with 
J acid, and has the following constitution : 




SOgNa 


-NH — 00 


> 


OflHgiT = Nx/\y 
OH 

Thiazol derivatives of a similar character have been 
obtained by condensing J acid with nitrobenzaldehydes, 
and boiling the compound obtained with sodium poly- 
sulphide, for example : a 

XS. /V / OflH*— HH, 

SOgHf^ Y =iH0.0„H,t.N03 SOgHj^ 




■ 

OH 

Benzylidene compound 


-t-NajS^ 



OH 

Thiazol derivative. 
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On combination with simple diazo-compounds, these 
substances give Azo-dyestufEs which form a part of the 
Pinzo Brilliant accurlet series pSy.], 

Mordant Monoazo-d/yeatuffa. 

The combination of the diazo-derivatives of amido- 
carboxylio acids with amines and phenols, as well 
as the combination of diazo-compounds with these 
acids, yields monoazo-compounds which dye chrome- 
mordanted wool. This property of dyeing on mordants 
is possessed to a high degree by dyestuffs derived from 
sahcylio acid. Alizarin yeUow M and OQ [M.L B.] 
are produced by the combination of salicyho acid with 
p- and w-nitrodiazobenzene respectively ; the Diamond 
yellows are obtained by coupling the diazobenzoic acids 
with sahcylio acid. Diamond Flxwine [By.] has the 
foUowing constitution : 

HO . OeH^ . 0(,H4— N = N— ^ OH 

GOOH 

and is prepared by tetrazotising benzidine, coupling 
with one molecule of sahcylio acid, and boiling with water. 
The property of dyeing on a mordant may be attributed 
to the proximity of the OH group to the carboxyl group ; 
it is met with again in the monoazo-derivatives of a-naph- 
thol-/3-oarboxylio acid and j8-naphthol-a-carboxyho acid. 

OJwome-deodoped Monoazo-dyeatuffa, These dyestuffs 
are now of great unportanoe for dyeing wool. They 
include the hydroxy -monoazo-compounds prepared from 
o-amidophenol or naphthol, or their substitution pro- 
ducts. These dyestuffs dye wool rather dark shades 
from an acid bath, but are converted into very rich 
tones of fast deep brown, blue, or black, on treating the 
dyed fibre with a dilute solution of potassium dichromate, 
and heating. These dyestuffs are prepared by diazotising 
an or^- or para-substituted o-amidophenol or o-amido- 

O.D. H 
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naphthol, and coupling, preferably -with y8-naphthol. In 
a similar manner there have been prepared the disazo- 
oompounds of dihydroxydiamidophenol, which are ob- 
tained by a rather unexpected process discovered by the 
B.A.S.F. {DJtJ*. 138,268, 139,327 ; 16,811, 20,661 

(1901) ). If diamidochlorbenzene sulphonic anid is 
diazotised and the tetrazo-compound obtained treated 
with an alkali, its chlorine atom is replaced by a hydroxyl 
group ; coupling wiU then take place as usual. 


a — N= N 

/\ 


01 


/V 

303H 


-N- = N — Cl 



SO3H 


The following are chrome-developed monoazo-com- 
pounds. (From Nietzki, Ghe/mie der org. Farbstqffe, 1906 
(6th edition), p 69) : 


Acid A hzarin black B 
[M.L.B.] 

Diamond black P. V. [By.]. 

Anthrojyenc Ohrome black [0.] 

Palatine Ohrome black 
[B.A.S F ] 


Nitro-o-oimdophonolsulphomo 
acid -f- S-naphthol. 
o-Anudophenol sulphonio acid 
-f- dihydroxyiiaphthalene. 
Aroidonaphthol sulphonio acid 
R -f- jS-naphthol. 
o-Aimdophenol p-sulphonio sioid 
-H /9-naphthol. 


The chrome-fixed etzo-dyestuffs appear on the market 
under numerous names, such as Eriochrorm [G.], 
Salicin PSI.], EracJvrome [Lev.], Chromanthrem [Lev.], 
Alizadine [H.], and M&rcerol [H.] colours. 

. Pigment Colours. 

The majority of the artificial pigments are insoluble 
salts of monoazo-dyestufEs. The value of a pigment 
colour depends upon its brilliancy, its fastness to 
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light, its covering power, and the insolubility of its 
calcium, alumimum, barium, etc., salts. It must also 
not be affected by hme, must be quite insoluble in water 
and in oil, and must not sublime at too low a temperature. 

Veiy few pigments completely satisfy all these require- 
ments, but the number has recently been considerably 
extended, although the range of colour is still rather 
restricted. 

The following are examples of Azo-dyestuffs which are 
being manufactured for pigments : 

COUPLHJD WITH 

j9-NaphthoL 

jS-Hydroxy- 
naphthoio aoid. 
j8-Naphthol, 
do. 

do. 

do. 
do. 

;8-Hydroxy- 
naphthoio acid. 
B salt 


y DISAZO-DYESTUFFS. 

The disazo-compounds contain two azo-groups, 
— ^N=N — , as ohromophores in their molecule. Those 
'formed by the combination of two molecules of a diazo- 
compound with only one molecule of an amine or phenol 
are known as “primary” disazo-compounds. The 
characteristic feature of these compounds is that the 
two ohromophores are linked to the ring to which the 
auxoohromes are attached. 


Lithol red R [B.A.S.F.] 


Lake bordeaux B. 

Lake red D. 

Pigment orange R [M.L.B.] 

Pigment Fast red HL. 

Helw Fast red BL [By.]. 
LvQiol Fast scarlet B 
[B.A.S.F.]. 

Pigment pwrpU [M L.B,]. 
Lake red P [M.L.B.]. 

LvOmI Rubin B [B.A.S F.] 
Permanent red 4 Bt 
Pigment scarlet 3 B [M.L.B.] 


Aminb. 

2-Naphtliyl- 
artune 1-sul- 
phomo aoid. 
do 

Anthramlio aoid. 

p-Nitro-o-tolm- 

dine. 

I »?i-NitrO' 


Nitro-p- 

toluidine. 


o-Anisidme. 
p-Nitraniline-o- 
sulphonio aoid 
\ p-Toluidine-o- 
I sulphomo aoid 
Anthramlio acid. 
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The '* secondary” disazo-oompounds have the ohxomo- 
phores atiH the auxoohromes attached to different rings. 
They may be obtained : (a) by diazotising an amidoazo- 
compound and combining with a molecule of an amine 
or of a phenol, giving an cwywiwieifwxrf secondajjy disazo- 
compound ; (6) by tetraaotising a dianune and com- 

bining with two molecules of an a m i n e or of a phenol, 
givmg a symm&tricaX secondary diaazo-oompound. 


. Primary Disazo-compounds. 

Phenolbisazobenzene . 


OH 

H ' 




N = H— OflHs 


This compound was discovered by Griess in the 
products obtained by the action of sodium or barium 
carbonates on diazobenzene nitrate. Later Griess ob- 
tained it by combining diazobenzene nitrate with benzene 
azophenol. It forms yellow plates of m.p. 131°. 

The diazotoluenes give homologous compounds. 

Resorcinol, a-naphthol, and chrysoidine may all 
be combined with two molecules pf a diazo-compound ; 
these two molecules may be identical or different. Thus, 
resorcinol combined with one molecule of diazoxylene 
and one molecule of diazosulphanihc acid gives Resorcin 
brown [A.] : qtt 


y OH 

S03H-C,H.-N = N— = N— CA<f,n-’ 

V Oils 

OH 


The jjen'-dihydroxy- and peri-amido-naphthol sul- 
phonic acids give rise to an enormous number of disazo- 
oompounds. Thus, ohromotropio acid may be combined 
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■with two molecules of a diazo-oompound to give dye- 
stuffs of the type : 

OH OH 

T — : 

H acid behaves m a peculiar manner. When coupling 
is carried out in alkaline solution, the azo-group enters 
the naphthalene nucleus in the yS-position adjacent to 
the hydroxyl-group ; whereas, if couphng takes place 
Jn acid solution, the azo-group goes into the /3-position 
adjacent to the amido-group. Hence the same diazo- 
compound yields different dyestuffs with H acid accord- 
ing to whether the combination takes place in acid or 
alkhline solution. 


NHo OH NHg OH 



In acid solution. In alkaline solution. 

Each of these monoazo-compounds may be combined 
with a fresh molecule of a diazo-oompound, the first in 
alkaline solution, the second in acid solution. Hence two 
isomeric disazo-compounds may be obtained according 
to the order*in which the groups are introduced : 




118 OEGAOTO DYESTUFFS 


The shades of the isomers so obtained differ from one 
another. 

Amidonaphthol sulphonio acid G behaves in a similar 
manner to H acid ; in acid solution coupling occurs in 
ori^-position to the NHg, in alkaline solution in ortlw- 
position to the OH. 


OH H = N — X 


OH 




X — = Hi 




iNHi 




‘ Naphthol bhie-blacJc [C.] is an important dyestuff of 
this class. It is obtained by coupling H acid -with 
diazo-^-nitraniline in acid solution, and then -with a 
molecule of diazobenzene in alkaline solution : 


NOa OeH^ — = N| 


27SC2 OS 

= N — 0, 


6^6 


SOgH^y^^SOjP 


The oriAo-sulphonio acid of this dyestuff is a black 
dyestuff, -which is exceedingly fast to light. 

The most important compo-und for the production of 
direct dyestuffs is the 2:6: 7-aimdonaphthol sulphonio 
acid, the so-called J acid. Like H acid it combines with 
two diozo-compounds, one in acid and the other in 
alkaline solution : 


H=N — Bri (acid) 


SOgHl 

(alkaline) Bg — N = h 


INH, 


OH 


Many of the products are, however, too soluble or not 
soluble enough to be absorbed by cotton. The Bemo 
Fast scarlets [By.], introduced in 1900, are prepared 
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from the urea derivative obtained by the action of 
carbonyl chloride on two molecules of J acid, a product 
which IS capable of combining with two molecules of the 
same or different diazo-oompounds, and has the con- 
stitution : 


SOgNft 




INH — 00 — ^NHi 




OH 


jSOgHa 


OH 


The Azidine Fast scarlets [ Jager] are prepared from the 
more complex urea obtained by passiog phosgene into 
one moleo^Je of m-toluylenediamme-4-sulphonio acid and 
two molecules of J acid. 


- Asymmetrical Secondary Disazo-Componnds. 

These compounds are obtained by diazotising an 
amidoazo-compound and combining as usual with amines 
or phenols. The amidoazo-compounds of the benzene 
series yield reds, scarlets and bordeaux ; those of the 
naphthalene series give very intense browns, blues and 
blacks. It is to be noted that, of the amidoazo-com- 
pounds, only those which have the amido-poup in the 
^ara-position can be diazotised; the amido-group of 
o-amidoazo-compounds cannot be diazotised. AH these 
dyestuffs are sulphonic acids of type of Btebrich scarlet, 
which was discovered by Nietzki in 1879, and was first 
manufactured by Kalle & Co. at Biebrich (Nietzki, Ber., 
1880, 18, 1838 ; D.B.P. 18,027). This is produced by 
diazotising amidoazobenzene disulphonic acid and com- 
bining the product with ^-naphthol : 

SOgH— 0aH4— N = N— CgHg— N = N— CioHe OH (^) 

^OgH 

It dyes wool and silk bright scarlet shades. 
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Amidoazobenzene or its sulphonio acids may be 
replaced by otter amidoazo-compoimds, and /3-naphth.ol 
by its sulphonic acids. Li this manner an enormous 
variety of dyestuffs is obtained. 

The azo-blaoks are very important substances for the 
dyeing of wool ; they are used in place of logwood, which 
was previously used exclusively for dyeing wool black. 
The first dyestuff of this class was the Bhie-hlack B of 
the B.A.S.F (1883), the next dyestuff prepared being 
the NapMhol black of Cassella. 


Dybsiuot. 


Amutb Duzoxisbd. 


COUPLBD WITH 


SiB-DIAKOUSBD 

Am) 

COUPLBD WITH 


Soudan III. [A.] 
Cloth red G [By.]. 
Brilliant Orocein [C.]. 
Cloth red B [By.]. 
Orchil red A [B^. 
Cloth scarlet G [K] 


Biebrich scarlet [K.]. 
Orcettine [By.]. 
Naphthylamine black 

5 [c.]. 

Naphthol black [0.]. 


Jet black [By.]. 


Amidoazobenzene 

$i 

ff 

Amidoazotoluene. 

Amidoazoxylene. 

Amidoazobenzene 

monosulphomo 

acid. 

Amidoazobenzene 
disulphonio aoid. 

Amidoazotoluene 
eulphomo aoid. 

tt-Naphthylamme 
disulphomo aoid. 

jS-Naphthylamine 
disulphonio aoid 

a. 

Amidobenzene di- 
Bulphonio aoid. 


S-Naphthol. 
JST.W. aoid. 
Q acid. 

R aoid. 

/?-Naphtbol. 


N.W. aoid. 

o-Naphthyb 

amine. 

99 


99 


Patent Biebrich black 
mA [K.]. 
NapMhailene Aoid 
bladk [By.]. 


Diaminogen black 
[C.]. 


Naphthionio acid. 


Clove’s acids. 


Metaniho acid. 


(OH* . 00)NH 



o-Naphthyl- 

amine. 



a-Naphthyl- 

amine. 

R aoid. 


Phenyl- 

a-naphthyl- 

anune. 

o-Naphthyl- 

amine. 


Amido- 
naphthol 
sulphomo 
aoid a. 
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Symmetrical Secondary Disazo-Compounds. 

These oompoimds are formed by combining two 
molecules of an amine or a phenol with the product 
obtained by diazotising a molecule of a diamine. "Pereas 
a monamine yields a dia^o-compound on diazotising, 
a diamine yields a ieirazo-oompound. 

The first dwazo-oompound known was the one which 
occurs with triamidoazobenzene in Bismarck brown, 
formed by coupling tetrazo^-phenylenediamine with 
two molecules of ? 7 }-phenylenediamine : 



NHa 


In case difficulty is experienced in tetrazotising a 
diamine, it may be avoided as follows : a nitro-monamine 
is diazotised and coupled wdth an amine or phenol, the 
nitro-monoazo-compound treated with an alkali sul- 
phide, which only attacks the nitro-group, yielding an 
amido-group, and this is then diazotised and coupled 
wdth a further molecule. Another process is to diazotise 
the monoaoetyl-compound of the amine, couple the diozo- 
compound with an amine or a phenol, and treat the 
monoacetylamidoazo-derivative so obtained with an 
alkali; the acetyl group is saponified, and coupled 
with an amine or a phenol. These processes have the 
advantage that they can give “ mixed ” compounds, 
that is to say, the two molecules coupled with the 
tetrazo-compound are different ; the general formula 
for these products is : 

X— N =N— Diamine— N =N— Y. 

! y Direct Cotton Dyestuffs. Up to 1883, no azo-dyestuff 
was known which was capable of dyeing cotton or other 
vegetable fibres wdthout mordanting. In this year, 
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Bottiger discovered that on tetrazotising benzidine and 
combioing with napbtbionio acid, a red was obtained 
which dyed cotton direct ; it is known as Congo red.'^ 
The property of giving substantive or direct cotton 
dyestufe belongs to all azo-derivatives of benzidine and 
some of its substitution products such as : tolidme, 
obtained from o-nitrotoluene as benzidine is obtained 
from nitrobenzene ; dianisidine, derived from o-nitro- 
anisol ; diphenetidme, derived from o-nitrophenetol. 
Their constitutional formulae are as follows : 


NHa NHg NHa NHa ' NHg 



Benzidine. Tolidine. Dianisi- Diphenetj- ?n-Diohloro- 

dine dme. benzidine. 

It is very remarkable that meta- substituted derivatives 
of benzidine, such as m-dichlorbenzidine, etc., yield 
disazo-oompounds which are not aitbstantive dyestuffs. 


Jtl2 ^^^2 



]N JtL2 2*1 ^^2 £7^2 

Benzidine Diamido- Diamido- 

sulphone. oarbazol. fuorene. 
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On the other hand, all dyestuffs prepared by means 
of oriAo-substituted derivatives are substantive to 
cotton. The substantive character reappears if the 
meta-substituted group is divalent, as in benzidine 
sulphone, diamidofluorene, carbazol, etc. The bases are 
all p-diamines derived from diphenyl. It has been 
found that a large number of other p-diamines, such 
as the following, can also yield direct cotton colours : 
p-Phenylene(£amine {D.B.P. 42,011, 42,814) : 


NHa-CeH^-NHa. 

Diamidostnbene (Bender, Ber., 1886, 29, 3234 ; 
D.B.P. 39,766) : 

NHa— OH = CH— 0 eH 4 — NH^. 

Diamidostilbene disulphonic acid {D B.P. 38,736) : 

NHa— OeHs— OH = CH— CeHg— NHa 

/ \ 

SOgH SOgH. 

Diamidodiphenylamine : 

NHa— CeH^— NH— CgH^— NHg. 

Diamidodiphenylurea {D.B P. 46,737) : 

NHa— CgH^— NH— CO— NH— C0H4— NHg. 

Diamidodiphenylthiourea : 

NHa— CgH^— NH— CS— NH— C0H4— NHg. 

All the p-diamines do not yield substantive dyestuffs, 
for example, p-diamido-diphenyhnethane and p-diamido- 
dibenzyl do not give them. On the other hand, 1 : 6 
naphthalene diamine : 

NHa 
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and its sulphonio aoids give direct cotton colours. The 
factors which decide the substantive character are not 
thoroughly understood even at the present time ; thus 
the dyestuffs obtamed by combining J acid : 


SOgBi 




iNHg 


OH 


or its derivatives with diazo -compounds also have the 
property of dyeing cotton directly. The urea derivative 
obtained by condensing this acid with phosgene gas, thus 


oo 

v\- 


so 


8h/V^nh|h 


01 


Cl ; 
h’hHi 


/N/\ 


iSOgH 


OH 


OH 


is the base of a numerous series of dyestuffs, among 
which are Fast Benzo orange JS, the Benzo scarlets, etc. 
(MiiUer, Zeiisck. angem. Ch^., 1910, 28, 1489). 

CowpUng of Td/razo-com^omids Tetrazobenzidine, 
and the majority of the other p-diamines (such as 
diamidostilbene), do not immediately combine with 
two molecules of the amine or phenol with which they 
are mixed. In alkahne solution or in presence of acetic 
acid or sodium acetate, tetrazobenzidine first combines 
with one molecule of the amine or phenol ; it is neces- 
sary to warm somewhat to obtain combination with 
the second molecule. Hence a large number of mixed 
disazo-compounds may be prepared of the type : 

X— N =N— CoHi— OaH*— N =N— Y. 

It is necessary to remember that coupling with amido- 
naphthol sulphonio acids takes place in a different 
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manner according to whether the reaction occurs in 
alhaline or acid solution ; this has been used principally 
in the case of S3^inmetncal secondary disazo-compounds. 


dthstubt. 

Congo red [A ]. 

Congo Corinth Q [Ad- 
Diamine violet N [0.]. 

Diamine brown V [C.]. 

Diamine scarlet [C.]. 

Denzo orange R [By.]. 
Diamine black RO [0.]. 

Diamine blaohSH [0.] 
Diamine blue 2B [O.J. 

Diamine brown [M.L.B.] 

Benzopwrpurine 4JB 
fBy.], [Lev.]. 

Diamine blue ZB [0.]. 

Diamine 6Zue BX [0.]. 

Dianil blue Q. 

Diamine black 30 [C.] 

Benzopurpurine lOD. 

[By.]. [Lev . 

Diamine shy blue. 

Pyramine orange [By.]. 


Basb Tbtbazoiisbd 


OOMBimBD WITH 


Benzidine 


Tolidine. 


DinniBidine. 

Ethoxybenzi- 

dme 

Dianisidine 


2 mol. naphthiomo acid. 

( 1 mol. 

mol. U.W. acid. 

2 mol. amidonaphthol aul- 
phonio acid G (in acid 
solution^. 

1 mol. ajnidonaphthol sul- 
phonio acid G (in alka- 
line Bolntion) -|- 1 mol. 
?n-pbenylenediamine 

■ 1 mol. G acid, 

- 1 mol. phenol, and then 
I ethylated, 
r 1 mol. salicyhc acid, 

\ 1 mol. naphthionic acid. 

2 mol. amidon^hthol sul- 

E homo acid G (in alka- 
ne solution). 
f 1 mol 7 -acid. 

1 mol. H acid. 

2 mol. H acid (m alkaline 
solution) . 

{ 1 mol. sahcyhc acid. 

1 mol. amidonwhthol sul- 
phomo acid G. 

2 mol. naphthionic acid. 

2 mol. BE acid. 
f 1 mol. H acid (in alkaline 
J solution). 

1.1 mol. N.W. add. 

2 mol. ohromotropio amd. 
2 mol. omidonaphthol sul- 
phonio acid G (m alka- 
line solution.) 

2 mol. naphthionic add. 

2 mol. H add. 


Benzidine 

disulphonic 

acid, 


2 mol. nitro-m-phenylene 
diamme. 
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TBISAZO-DYBSTUFFS. 

These compounds contain three — =N — groups in 
the molecule. They are generally very intense dyestuffs 
of blue, dark green, or black shades, and may be 
obtained by several processes : 

(1) A symmetrical secondary disazo-compound is pre- 
pared containing an NH 2 group which can be diazotised, 
that is not iu ortho-’position to the — =]Sr — chromo- 
phore ; this is diazotised and the diazo-disazo-oompound 
so obtained coupled with a suitable compound. For 
example : 

Diamine bronze G [C.]. Tetrazobe n z i d i ne is oombiued 
with one molecule of sahoylio acid, and one molecule of 
amidonaphthol disulphonio acid H in alkaline solution, 
the product diazotised and coupled with m-phenylene- 
diamine, giving : 

OOOH 



A large number of these dyestuffs are obtained by 
replacing the benzidine by other diamines, and H acid 
by a-naphthylamine or deve’s acids. 

(2) A mixed symmetrical secondary disazo-compound 
is prepared by combining a tetrazodiamine with a suit- 
able compound in one pa^ of the molecule, and also, in 
another part, with a phenol or an amine which can be 
coupled with another diazo-compound. For example : 
^ Diamine green [C.]. Tetrazobenzidine is coupled with 
one molecule of salicylic acid and one molecule of H acid 
in alkaline solution. When the reaction is complete, 
the dyestuff produced is combined with a molecule of 
diazo-jj-nitraniline in acid solution, giving : 
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OOOH 
>OH 


CoH^— N - y ( 

Oil NHa 

CflH4— N = = N— CqH^— NO j 

sOgHl^^^^A^aOsn 


It has already been mentioned that, if difficulties are 
experienced in tho preparation of the necessary totrazo- 
diamine, an indirect method is used, which consists of 
diazotising the monoacetyl-dorivative of the p-diamine, 
coupling with an amino, diazotising, and again coupling, 
and finally saponifying tho acetyl group. Tho amido- 
disazo-oompound obtained is then diazotisod and suitably 
coupled. This method yields tho Diaminogens. The 
aoetylnaphthalenodiaraine aulphonio acids are diazotisod, 
and coupled with a-naphthylamino ; tho dyestuff produced 
is diazotisod, and oombinod with a naphthol aulphonio 
acid or an amidonaphthol dlsulphonio aoid. With R 
acid, the following disazo-oompound is obtained : 



SO3II SO3H 


Elimination of tho acetyl group gives Diaminogen 
blue. G [C.], which may bo diazotisod, and again oouided. 
Dyestuffs of the Diaminogen class which contain a 
5)-diamine are direct cotton colours, and theso may bo 
diazotisod on tho fibre and oombinod with phenols or 
naphthols, giving trisazo-dyostuffs. As a l.risazo-oom- 
pound still contains an NHj group which can bo 
diazotisod, it will yield a iefmAwazo-oompound on 
diazotising and coupling. This last coupling process is 
often effected on the fibre. 
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The following table gives some of the more important 
trisazo-dyestulEs : 


Dybsttjip. 


OOMPOSmOlT. 


Benzo olive [By.]. 

Benzo blue-black R [By.] 
Diamine green B [C.] 
Azoconnth [O ]. 


<S^S>^e-Hao.d. 

Tolidmo add. 

^o-naplithylamino — N.W. noid. 

^saUoylyj aoid. 

Tohdme .<^re®ordnol — ^naplithionio add. 
^armdophonol sulphonio add. 


CHAPTER Xin. 


, ^ ' HYDEAZONES. 

Thbs^ compounds are produced by tbe action of 
hydrazine or substituted hydrazines on aldehydes and 
hetones. The most unportant are the phcn^lJiyd/yazoncs 
obtained by using phenylhydrazine and its nitro- and 
sulphonated derivatives ; these are coloured substances, 
certain of which are true dyestuffs. There is a very close 
relationship between the phenylhydrazones and the azo- 
dyestuffs ; thus benzene azo-a-naphthol (I.), is identical 
with the phenylhydrazone of a-naphthaquinone (11.), 
obtained by treating this quinone with phenylhydrazine. 



(n.) 


The identity of these two substances shows that in 
one case the reaction has been accompanied by a mole- 
cular change, either from left to ri^t in the above 
formulae, or vice versa. At first it was thought that 
the azo-compounds had a quinonoid constitution. The 
differences which had been proved to exist between the 
o-hydroxy- and o-amidoazo-compounds and their para- 
isomerS, had caused the orf^-derivatives to be classed with 

O.D. I . 
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the hydrazones, whilst the ^-hydroxy- and ^>-amidoazo- 
dyestuffs were considered to be true azo-oompounds 
(Groldschinidt and Low-Beer, Ber., 1906, 88, 1098). 
However, the researches of Gk)ldsohmidt and Lbw-Beer, 
MaoPherson, Willstatter and Veraguth, and R. Auwers, 
to mention only the most recent publications, have shown 
that the ortho- and ^cwa-hydroxyazo-compounds have 
a similar constitution, and in aU probability are not 
quinonoid. 

The hydrazones used as dyestuffs generally have a 
cyclic formula : 

Isaiin yellow is the sodium salt of the ^-sulphonated 
phenylhydrazone of isatin. 

Ph&nanthr&ne red is the sodium salt of j9-sulphonated 
diphenylhydrazone of phenanthraquinone. 

/ Tart/razine. 

This compound is the most interesting member of the 
Hydrazones. It was first prepared in 1 884 by Ziegler and 
Locher (Ber., 1887, 20, 834 ; D.B.P. 34,294) by treating 
dioxytartaric acid with phenylhydrazine jp-sulphonio 
acid. At first this dyestuff was consider^ to be a 
diphenylhydrazone, but the researches of Anschlitz (Aww., 
1896, 294, 219), and of Gnehm and Benda, have shown it 
to be a pyrazolone. It is prepared by heating phenyl- 
hydrazine sulphonio acid with sodium dio^^artrate 
and a small amount of water. 

HOOCU-CO— CO 

+ 2NHa--NH— OaH^-^SOgH 


COOH 


HOOC— 0-C =N— NH— CeH^-^OjH 

Uo 

= V + 3H,0 

(ieHf-BOsH 

Tartrazine may also be obtained by commencing with 


*» 
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oxalaoetio ether, and treating with phenylhydrazine 
sulphonio acid to give a pyrazolone, which is then treated 
with diazosulphanilio acid, and the ethyl ester produced 
saponihed : 


CaHROOC— C^CHa N =N— OeH^SOj 


I 


CO 

Y 

a 


+ 


'flH^SOftNa 


HOO(>-C— C =N— NH— CeH^SOgH 

A l:o 

Y 

ieH^SOgH 


The azo-compound obtained apparently gives the 
isomeric hydrazone. 

Commercial Ta/rirazhie is the sodium salt, an orange 
yellow powder which dyes wool a brilliant greenish 
yellow shade, whidh is extremely fast to light. 

If the phenylhydrazine sulphonio acid is replaced by 
other derivatives and the oxalaoetio ester by similar 
compounds, other dyestuffs of this group are obtained, 
such as the Flofoazinea [M.L.B.], the Hy&razine y&Uowa 
[Griesheim], and the JAgM Fast yellows pBy.]. They 
dye wool and silk, and are also used in the manufacture 
of pigment colours. 

The XyTi&rie yeUows (Sandoz, EF. 3373 (1908)) are 
diohlor-sulphonio acids of l-phenyl-3-methyl-6-pyrazo- 

OH, (4) 

(8) CH8.0||^C0 (6) 

( 1 ) 


(2) 


132 


ORGANIC DYESTUFFS 


which is obtained by oondensii^ pbenylliydrazme with 
ethyl aoetoaoetate. Radial yellows [B.A.S.F.] are closely 
allied dyestuffs. 

Eriochrome red B [G.] contains the oriAo-hydroxy- 
azo-group essential for a chrome colour, and is produced 
by the combination of diazotised l-amido-2-naphthol- 
4-sulphonio acid with the above phenylmethylpyrazo- 



It gives dull red shades on wool, which change to bluish- 
red on after-chroming. 



CHAPTER XIV. 
STILBENE DYESTUFFS. 


Stilbene or diphenyletbylene, GaHg — CH = CH — OqHb, 
is the parent substance of a number of dyestuffs which 
have been known for a considerable time. In 1883 
Walter {Bull. Soc. ind. Mulhouse, 1887, 99) obtained 
an orange dyestuff by heating 'p-nitrotoluene sulphonio 
acid with caustic soda. Bender showed that this 
product is derived from stilbene, as on reduction it 
gives diamidostilbene disulphonio acid : 


SO3H. /SOsH 

>CeH3-CH = CH-CeH3< 

NHsj/ \]SrHa 


According to the conditions under which the j?-nitro- 
toluene sulphonio acid is treated with caustic soda the 
products are different. Dilute boiling caustic soda 
gives 8vm, yellow or Eeliochrysin (G. Schultz and Bender, 
B&r., 1880, 19, 3234), whereas concentrated caustic 
soda at 80° gives Direct yellow 0. [K ] (O. Fischer and 
Hepp, Ber., 1893, 26, 2233 ; 1896, 28, 2281). AU these 
products dye cotton directly an orange shade ; by the 
action of oxidising agents, greener shades are produced, 
such as Mikado golden yellow ; whereas on reduction 
the shade becomes redder. Mikado oramge [L.], etc. 
{D.B.P. 46,262, 48,628). According to Fischer and H^p, 
Sun yellow should be azoxystilbene disulphonio acid, and 
the Direct yellow dinitrosostilbene disulphonio acid. 
They result from the condensation of two molecules of 
p-nitrotoluene sulphonio acid by intramolecular oxidation: 
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SOgH, 


OHg OIIb 

/\ /\ 


SOgll SOgHl 


on » OH 




NOa nOb 




SOaii 


\/\/ 

NO NO 


+ 2ir.jO 


Oxidation wliould oonvort lIiiH tlorivativo into dinitro- 
stilbono di 8 ul 2 )honio acid, and thin Hhould bo Mikado 
yellow. ThiH constitution is, howovor, inoorroot, as tlio 
true dinitroHtilbono disulidionio acid has boon pro])arcd 
by Groon and Wahl (7ier., 1807, 80, 3101 ; 18{)8, 31, 
1078) by oxidising jj-nitrotolnono sulphonio aoid wii.h 
sodium hypoohlorito ; it is a 2 )alo yoilow substanco which 
docs not dyo cotton. In addition to dinitrostilbono 
disulphonic acid, oxidation hi alkalino solut-ion gives 
more or loss dinitrodilionzyldisulphonio acid, according 
to the conditions, and both those oxidation products give 
dyestuffs with alkalino reducing agents . These dyoatulTH 
appear to bo identical with tho Mikado colours, and aro 
called Stilbene yellow and Stilbene orange. !rho con- 
stitution of thoao products has boon establishod by 
Groon and his oo-workors (Groon, Marsdon and Schollold, 
J .C,3., 1904, 86, 1424, 1432 ; Groon, Davies and Horsfall, 
ibid., 1907, 91, 2076 ; Groon and Baddiloy, ibid., 1008, 
93, 1721) by the study of tho various aldehydes formed 
by oxidishig with ponnanganato. Stilbene, yellow 
contains two stilbcno residues linked by on azo-group : 


CH-CH 
SOgH— Cgt ' 


ejHa GjHb-SObH 

40H30oH8<^0<U - 4HbO -f- if 

NOj N 

SObH— C olfig c|h 8 -S 03 H 
OH-CH 
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Direct yellow RT, Afghan yellmo, and Sun yellcm aro 
oonsiderod to have the constitution : 


OH . C„H8 (SOyH) . N==:N . OoHg (SObH) . CH 
OH . (SO3H) . N -N . a„Ha {SO3H) . Sh 


Curcumin S is identical with Sun yellow, and is not 
to be confoundod with true Curcumin, the colourmg 
matter of turmeric, which, according to Mitobedzka, 
Kostonocki and Lampe (Ber., 1010, 48, 21C3) probably 
has the formula : 



OOHb 


which would explain, by Iho symmetrical position of the 
two ohromophores, the property of Ourcumin of dyeing 
unmordanted cotton. 

When jp-nitrotoluone sulphonio acid is treated with 
caustic soda in presence of omido-compounds, such 
as p-amidophenol, p-phonylonediamine, benzidine, 
dohydrothiotoluidino, etc., new dyestuffs are obtained 
which are named respootivoly : Polychromin Arnica 
yellow, Chicago orange, Gurcu^henin, etc. 


Preparation of Direct Yellow. 

p-Nitrololuene Sulphonic acid. 

2 kilograms of fuming sulphurio acid containing 
30 per cent, of SOs aro heated to 00-66“, and 600 grams 
of p-nitrotoluene added slowly with constant stirring. 
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the heating being continued until a drop of the liquid 
dissolves completely in water, and the smell of the 
original nitro-compound has disappeared. The mass is 
then poured slowly into 8 or 10 litres of cold water, and 
common salt add^ until the sodium salt of the sulphonio 
acid is precipitated. After cooling, the salt is separated, 
and dried. In order to obtain the pure sodium salt, 
it is necessary to recrystaUise from water, but for con- 
version into the dyestuff this is unnecessary. The 
amount of pure salt in the product must be known, and 
this is determined by igniting a known weight of the 
product with concentrated sulphuric acid, and weighing 
the sodium sulphate formed. 

Direct yellow. Five parts of caustic soda solution 
(27® Tw.) are heated to 80®, and one part of the above 
sodium sulphonate added ; the mass thickens and 
becomes an orange brown colour, and after some time 
is poured iuto twenty times its weight of water, allowed 
to settle, and filtered. 



CHArTMl XV. 

DIPHENYLMBTHANE DYESTUTFS. 


A ooiiRidornblo nmubor of dyofltuffH aro moro or Iohs 
diroctly related to di])lieuylmctliano : 

CflHB-OHa-OoHB. 

On oxidation thiM liydrooarbon given a ketone, bonzo- 
phonono : 0 „Hb— CO— O jHj 

and thin on roduotioii firat yieldn a secondary alcohol, 
diplionyloarbinel or benzhydrol, which, on furlkor 
reduction, gives diphenyhuetiiano : 


n 


OoHj— CllOII— C oHb 





CH,< 


CoHb 


co< 


r„Ti 

au 


5 

ft 


c,H,— oiioir— a,H, 

These compounds nro colourless, the dyoatuffs being 
obtained from their amido- or alkylamido-dorivativos, 
which can undergo the above Bories of reactions. The 
only aniido-j^erivativcB of interest arc those in which 
the amido- Or tilkylamiclo-groups are in ;pam-poHition, 
os, for oxamjdo, totramcthyldiamidodiphonylm ethane, 
totramothykliamidobonzophonono, totramotliyldiamido- 
dii)honylaarbinol. 
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. TdramethyUiamidodyphenylmetM^ 

(C!Hs)aN-GeH,--CH2-Cen,— N(CH3)a, 
is prepared by a very simple reaotion, a solution of 
dimethylaniline in dilute hydroohlorio aoid being treated 
with formaldehyde, when one molecule of aldehyde 
condenses with two molecules of tho tertiary amino, 
combination taking place in pam-posiLion : 

/ ^N(OH8)a / \N(aH3)a 

OHaO + ^ = HjO + OHa/ Xll-. 

<( ^N(0H3)a ^N(oir3)a 

The product is purified by rocrystaUisation from 
alcohol, and forms platos of m.p. 90-91°. 

^ Teiramethyldi(midobenzophenonet “ ketone base,” 
(CH 3 )aN-C 3 H,~CO- 03 H 4 --N(CH 3 )a, 
was prepared in 1876 by treating dimethylaniline with 
carbonyl chloride (W. Miohlor, Ber., 1876, 9, 716 ; 

Miohler and Dupertuis, ihid., 1900), and is still known 
as “ Michler’s ketone.” The process is used at the 
present time, the gas being absorbed in diniethylaiiilino 
until the increase in weight corresponds to one molecule 
of carbonyl chloride for two molecules of dimethyl- 
aniline ; tho product is then heated in an autoclave, 
poured into water, and the excess of dimethylaniline 
separated by steam distillation. 

COCl, + 20.H,N(0H,), - 2HC1 + CO<oJ]^N(ChJ)I 

Condensation only takes place in jpam-position to the 
nitrogen ; there are also formed as secondary products 
dimethylamidobenzoio aoid and hexamethyltriamidodi- 
benzoylbenzene : 

(CH8)8N---03H4--.00--03H3-CO--C3H,--N(CH3), 

N(CH.), 
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Miohlor’H kotono orystalliHOH in groyiHh pLitc^a of M.r 
179°. It is Roliiblo in acids to ti yollow soluidon, anc 
gives liglit yollow shadoa on wool, silk, and cotton inor 
dani.od with tannin. 

Tctmmethyldiamidobnizhydrol. 

((lIl3)aN--(JoIl4---(nT()H--t)aH,---N(CJH3)a 

This is often called “ Miohlor’s hydrol." It may bi 
obtained by tlio oxitlation of l.otramothyldiamidodi 
])honylitiothanG, or by tlio reduction of Micldor’s keton 
in alkaline solution. The first ])roooHH has the advantag 
t)f avoiding the i)roj)aration of Michler’s kotono, and hemo 
the use of tho poisonous carbonyl chloride. The oxida 
tion of totramethyldiamidodiphenylmothano is oarrioi 
out in acetic acid solution by tho theoretical amount c 
load dioxklo {DJi.P. 79,250). Miohler*H kotono is roadil. 
reduced by sodium amalgam in boiling alcoholic solutioi 
(Miohlor and Dupertuis, ha. ci7.), by zinc powdor am 
caustic soda in boiling amyl alcohol solution (B.A.S.F 
27,032) ; more rooently calcium and alcohol hav 
boon suggested (Marsoholk and Nioolajowski, P&r., 191C 
48, 041, 1701). 

Miohlor’s hydrol dissolves readily in alcohol oii' 
other, and forms prisma of M.r. 90° ; on heating i 
alcoholic solution, it is dohydraiofl. It dissolves i 
aoitls to give a magnificent bluish i)urf)l(i colour, whio 
is unstable, and dyes wool and silk fugitive blue sluulot 

Auramine, 

This is tho only important diphonylmothano dyostuf 
It was disco verod by Korn and Caro in 1883 by fusin 
Mlolder’s kotono with ammonium ohlorido and ziii 
ohlorido (H.A.S.F.. E.P. 29,000, 31,930, 38,433 (1880)). 

OeH^-NCOHa), 

(ll-NH + ILO 

I 

tl!3H*~N(OH3)a 


CaH^-N(CH 3 )« 

CO + NH 3 
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In order to avoid the nso of carbonyl chloride, Walter 
in 1887 [Bvll. Soc. ind. Mvlhouse, 1896, 82) and Sand- 
meyer in 1893 (Geigy, D.R P. 63,614, 68,277) pre- 
pared Aurcmine by passing a current of ammonia into 
a fused mixture of dimethyldiamidodiphenyhnethane 
and sulphur, when the thioketone formed reacts with 
the ammonia. Aurcmine is also prepared by treating 
the product obtained by the action of phosphorus 
oxychloride on p-dimethylbenzoyhnethylardline wdlh 
dimethylauiline (HOohst Farbwerke, D.B,P. 41,761, 
44,077). 

The free base of Aurcmine is colourless, but its salts 
are coloured, and are easily crystallised ; the commercial 
product is the hydrochloride. It is a basic dyestuff, 
dyeing wool, sillc and tannin-mordanted cotton a yellow 
shade ; it is also used for colouring paper. It is reduced 
with difi&oulty to Zeiwjo-Auramine, Ci 7 H 23 N 8 . 

A series of Auraminea is obtained from the homologues 
of Mohler’s ketone or the amidotolylmethane ; for 
example, Aurcmine G is obtained by using dimethyl- 
ditolylmethane, sulphur, and ammonia (B.A.S.F., D.R P. 
67,478). 

The constitution of the Av/raminea has been the subject 
of a number of researches (Graebe, Ber.^ 1887, 20, 3260 ; 
Fehrmann, ibid., 2844 ; Stock, Joum. f, ;praht. Ohem., 
1893, 47, 401 ; Semper, Arm., 881, 244) ; at the present 
time one or other of the following formulae is considered 
to express the constitution of ordinary Auramine : 




)>=N(OH8)a 

I 1 

ISTHa 01 

Stock's formula. 


(0H3)a]sr<^ ^ ) > — c>~ < ( ) >n(0H8)), 


NH . HOI 

Graebe's formula. 
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If Graebe’s formula is oorreot, Auramine is the hydro- 
chloride of tetramethyldiamidodiphenyliiniue. This 
formula appears to be oorreot by the readiness with 
which the dyestuff is hydrolysed on standing in aqueous 
solution, and more rapidly on boiling or by dilute acids, 
mto ketone base and an ammonium salt. There are, 
however, certain reasons for which certain authors have 
considered it necessary to attribute to Av/ramine a 
quinonoid structure (see Nietzki, Ohemie der organ. 
Farbstoffe, 6th edition, p. 131). There is perhaps still 
another method of representing the constitution of 
Av/ramine ; it has been stated that Michler’s ketone is 
a weak dyestuff which becomes an intense yeUow on 
addition of acids. It is, hence, probable that, in the case 
of the hydrochloride, this salt has the constitution (I.), 
and by analogy (11.) should represent the constitution 
of the corresponding imine, that is, of Auramine : 

(OH3)sN--CoH4~<30^CeH4— N(OHs)a 

(I.) df\ 

(CH3)aN-OoH,-C-CoH,-N(CH3)3 

Ih Cl"^ 


( 11 .) 



CHAPTER XVI. 

- TBIPHENTLMETHANE EYESTUPPS. 


Triphenylmethane and its higher liomologiiOH, ili- 
phenyltolyhnethane, phenylditolylmothano, etc., arc» 
colourless, crystalline hydrocarbons which yield a largo 
number of dyestuffs. These are derived from th(' pro- 
ducts obtained by oxidising the hydrocarbons, whioli 
were called oarbinols by Kolbe. Triphonylniotliano (1.) 
yields tnphenyloarbinol (11.), that is, methyl alcohol 
(oarbinol) in which the throe hydrogen atoms of tlio 
methyl group have been replaced by phenyl groups ; 


CeHe 


0„H, 




0H5 

v"-' 


H0-~0-Collfl 

\ (H. 


CeH, 


Like the hydrocarbons, the oarbinols are ooIourleBs 
substances, and in order to obtain dyestuffs it is nooesaary 
to introduce auxochromes into the oarbinol molecule 
in ^joro-position to the carbon atom of the methane 
residue. Hence there are two groups of these dyestuffs : 

(1) The amido- or alkylamido-dorivatives, in which 
the auxochromes are NHj and NBj groups ; 

(2) The hydroxy-derivatives, in whioh the auxo- 
chromes are OH groups. 

The amido-derivatives inolude : Malachite gre^n, 
the Magemia series, and their substitution products. 

The hydroxy-derivatives inolude the Aurinea. 

Finally, there are the dyestuffs derived from phthalio 
^d, the PTi£h(dei7i8 and Ithodcwtinea, which ore also 
denved from triphenylmethane. 
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AHIDO-DERIVATIVES OF TBIPHENYLHETHANE. 


If an amido-group is introduced into the triphenyl- 
oarbinol molecule in ^ora-poaition to the carbon atom 
of the methane residue, p-amidotriphenyloarbinol ig 
obtained : / \ 

OH 


This compound is colourless, but with mineral acids, 
gives salts of an orange red colour which have a very 
feeble tinctorial power. These coloured salts are formed 
by the action of a molecule of the base on a molecule 
of acid, with elimination of a molecule of water. This 
reaction may be r^arded in two ways, the simplest 
being represented by the following equation : 


C-OeH^-NHa + 


HCl 


ola 


+ HaO 
Cl 


in which it will bo seen that the hydroxyl group of the 
oarbinol has been replaced by an atom of chlorine. This 
explanation was proposed by Rosenstiehl for all the 
coloured salts derived from triphenylmethane, but has 
been opposed and is now practically abandoned in spite 
of its apparent simpHoity, on the grounds that the 
formulae of the hydrochloride, the oarbinol and the 
hydrocarbon would be very similar : 


CeH 

OeH 


6> C— OeH^— NH 


2 


Colourless hydrocarbon. 


OH 

Colourless oarbinol. 


c:l:> 


cii 


Coloured hydrochloride (RoSenstiehl). 
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Thus, the colour of the hydrochloride would appear 
to be dependent merely on the replacement of hydrogen 
by chlorine, whereas if one or more hydrogen atoms of 
a hydrocarbon are replaced by chlorine, the derivative 
obtained is generally still colourless. Thus, benzene and 
toluene give colourless chlorine derivatives ; methane 
is a colourless gas, and its mono-, di-, and tri-ohloro- 
derivatives are colourless. Hence Rosenstiehl’s formula 
appears to be insufficient. 

Triphenyloarbinol and triphenylohloromethane, ob- 
tained by the action of dry hydrochloric acid on 
triphenylcarbinol , 


c^:> 


OH Hjoi 




cJ. 


are both colourless substances, and the colour only 
appears when there is an amido-group in the molecules 
in the ^jam-position. It would, therefore, appear that, 
as the amido-group is necessary for the formation of a 
coloured salt, it should take part in the reaction. It may 
be considered that the acid first combines with the 
basic amido-group to give a normal salt which then loses 
a molecule of water : g. 

0 «'>“-< >-^-= 

j \ / ^ 

I OH H[ 

H 

V._ 

I / 01 H 


The coloured salt should then be the hydrochloride 
of a base OiqHijN, differing in formula from oarbinol 
by one molecule of water, but the base has not yet been 
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isolated. This base has been called fuchsonimine by 
Baeyer and Villiger {Ber., 1904, 37, 697, 2848). Tbis 
formulation (p. 144) was proposed by Fischer for aU 
the amido-triphenylmethane dyestufEs, and has the 
advantage that these dyestufEs are considered to be 
derivatives of quinone. Since the researches of Fischer, 
the view held with regard to the constitution of quinone 
itself has been modified, and at present the formula B is 
accepted in place of the older formula A. 

o 


0 o 



e 0 


(A.) 



Nietzki has modified the constitutional formulae 
used to represent the triphenylmethane dyestuffs in a 
similar maaoner, and at the present time fuchsonimine is 
considered to be represented by (11.) in place of the older 
formula (I.), and its hydrochloride is called fuchsoni- 
monium chloride (HI.). 



NH — ' 


OgHg OgHg 

\/ 


G 


NH 


OoHe^^OflHg 

0 


H— -N — H 


(I.) (11.) a (m.) 

This quinonoid notation represents the carbinols and 
their salts by entirely different formulae. It appears 
natural that, with the conversion of the colourless 

O.D. K 
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oarbinol into a ooloiired salt, a very great change 
should occur in the linkin g of certain of the atoms and 
their relative positions in the molecule. This modi- 
fication of the linkages is represented hy the new 
formulae, which have the further advantage of bringing 
this group of dyestuffs into agreement with the quinonoid 
theory. (See Wahl, Revue gindrale des Sciences, 1906, 
p. 668 : “ Les id6es actueUes sur la constitution des 
colorants du triphenylmethane.”) 


- Diamido-derivatives of Triphenylmethane. 

Fuchsonimonium chloride is a very feeble dyestuff, 
but it is a ohromogen, as, on introducing a further amido- 
group in para-position to the carbon atom of the methane 
residue, there is produced Dohner^a violet, or amido- 
fuchsonimonium chloride : 


HU 


This is the simplest diamido-derivative of triphenyl- 
methane, and was discovered by Dobner in 1878 by 
heating benzotriohloride with aniliae and nitrobenzene 
(Ser., 1882, 16, 234). It is no longer of any importance, 
but its tetramethyl derivative. Malachite green, is of 
very great interest. 

y Malachite green. 

This dyestuff was first prepared by 0. Fischer in 1877 
by heating benzaldehyde with dimethylaniline and zinc 
chloride, and oxidising the product obtained (E. and 0. 
Fischer, Ber., 1877, 10, 1626 ; 1878, 11, 960 ; 1879, 12, 
791, 796, 2348). In 1878 D6bner obtained the same 
dyestuff by heating benzotriohloride with dimethylaniline 
and zinc chloride {Ber., 1878, 11, 1236, 2274 ; D.B.P. 
4322, 4988, 18,969). This last process has been replaced 
by the benzaldehyde process, which has itself been 
slightly modified. 
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Manufactwre . — ^This inoludea three operations : con- 
densation, oxidation and precipitation of the dyestuff. 
The condensation is carried out in an enamelled cast-iron 
vessel, fitted with a stirrer. A mixture of one molecule 
of benzaldeyde with two molecules of dimethylaniline 
and an amount of hydrochloric or sulphuric acid, which 
is not Buflicient to completely neutralise the organic 
base, is heated at 100“ for twenty-four hours, when 
condensation occurs, giving tetramethyl-p-diamidotri- 


phenylmethano : 
OaHj— OH, o -1- 






H 






OoHb— 0— H 


+ HaO 




If an ‘excess of the condensing acid were used, con- 
densation would occur between one molecule of each of 
the two compounds, giving dimethylamidobenzhydrol, 
as follows : 


(CHB)aN-— CeHs 


+ CHO-aH. 

» (CH3)aN— OcHi-UHOH— G bHb 


When the reaction is finished, the mass is made alkaline 
with caustic soda, and the excess of aldehyde and of 
dimethylaniline removed by a current of steamy the 
condensation product separates as a coloured oil which 
solidifies on cooling, is washed several times with water, 
and is then sufiSloiontly pure for direct use. 

In the pure state, tetramethyldiamidotriphenyl- 
methono or3rBtallises in colourless plates or needles, its 
salts also being colourless. This property is common 
to aU the hydrocarbons related to triphenyhnethane ; 
they are termed “ Zeitco-bases ” to distinguish them from 
the oarbinols, of which the salts are coloured substances. 
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Tho second operation is the conversion of the leuco- 
base into the carbinol by treating mth lead dioxide, 
of which the theoretical quantity should be used, as an 
excess of the oxidising agent destroys the dyestufE. 
Lead dioxide is obtained by the action of sodium or 
calcium hypochlorite on lead acetate solution, the brown 
precipitate being washed by decantation until it is free 
from chlorine and alkali. It is kept in the form of paste, 
the PbOa content of which is determined by titration. 
For this purpose, the moisture in an average sample is 
determine, and then the PbOj determined by decom- 
posing the sample, dried at 105°, with hydrochloric 
acid, passing the chlorine evolved into potassium iodide 
solution, the iodine liberated being titrated with thio- 
sulphate. The moisture in an average sample of the 
leuco-base is also determined, and the theoretical 
amounts of lead dioxide and hydrochloric acid necessary 
to effect its oxidation are calculated. The leuco-base 
is dissolved in the hydrochloric acid and oxidised by 
slowly adding the lead dioxide paste suspended in water. 
This reaction may be carried out in dilute solution at the 
ordinary temperature, or in more concentrated solutions 
cooled by ice. When all the lead dioxide has been 
added, the stirring is continued for two hours, and the 
lead chloride remaining in solution is precipitated as lead 
sulphate by addition of sodium sulphate. After stand- 
ing, the liquid is decanted, giving a dark green solution 
containing the dyestuff, formed according to the following 
equation * 

+ PbO, + 3Ha 

0 m 

= PbOl, + 2H.0 + CjHj .0 / “ ‘ 

In order to isolate the dyestufE, sodium chloride and 
zinc chloride are added to the filtered solution, when a 
precipitate of the double salt of zinc chloride and the 


N(CH,)s 

/CH3 

N^3 
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dyestujBE, which also contains resinous matter, is obtained. 
To purify the product, it is dissolved in hot water and 
the colour base (the carbinol) precipitated by addition 
of ammonia ; the insoluble product is washed and may 
be further purified by dissolving in petroleum ether, 
filtering, and evaporating the solution. The tetra- 
methyldiamidotriphenylcarbinol so obtained is as a 
reddish coloured resinous mass ; in the pure state it 
crystallises in colourless cubes of m.p. 132°. The base is 
then converted into salts, of which the principal ones are : 

The oxalate, 2Cjj3HB4N2, green crystals with 

a metallic refiex. 

The zinc chloride dovhle salt, SCagHg^Na, 2Zna2, bronze 
crystals. 

The sulphate, CagUa^Nai HaSO^, which is often crvstal- 
hsed with IHgO. 

These salts dissolve in water to a very intense bluish 
green which disappears on addition of ammonia or 
caustic soda, which reagents precipitate the carbinol. 
Malachite green is a basic dyestuff which dyes cotton 
mordanted with tannin green shades, and dyes wool, 
silk, and jute dir, cot j these shades are not very fast to 
light or washing. 

Derivatives of Malachite Green. 

If the dimethylaniline used in the preparation of 
Malachite green is replaced by other tertiary bases, a 
similar reaction occurs, and higher homologues result. 
The benzaldehyde may similarly be replaced by its 
substituted derivatives, and these condensed with 
dimethylaniline give substituted derivatives of Mala- 
chite green, or with other tertiary bases give sub- 
stituted derivatives of the homologues of Malachite 
green. 

Homologues of Malachite Green. 

. Ethyl green or Brilliant green, is obtained by condensing 
benzaldehyde with diothylaniline, and oxidising the 
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tetra^thyldianddotriplieiiyliriethane formed The com- 
meroial form generally consists of the sulphate or, less 
frec[uently, the oxalate of the tetraethylanudofuohson- 
imonimn base. 

- Ghi%nea green B. Benzaldehyde is condensed, with 
fl t.hy lh RTi 7y1fl.Tn'1iTi e sulphonic aoid and the leuoo-sulphonic 
acid oxidised. 

Acid grem 8, or LigM green 8F. Benzaldehyde is 
condensed with ethylhenzylaniline, the leuco-base snl- 
phonated and the product oxidised. The final product 
contains three sulphonic add groups, and like the above 
it is an acid dyestuff. 

SvJbstitidion Derivatives of Malachite Gfreen cmd its 
Homologues. 

The higher homologues of Malachite green have 
similar properties and only a very slightly different 
shade from this dyestuff. This is not the case, however, 
with certain substitution products of Malachite green, 
which not only have a more bluish shade but are much 
more stable towards alkalies. The oldest of these 
derivatives is Patent blue. 

y Patent blue (D.JZ.P. 46,384, 48,623, 60,286, 60,293, 
50,440, 65,621, 66,791, 69,199, 71,166, 74,014. Fritzsch, 
Ber., 1896, 29, 2291. E. and H. Erdmann, Ann., 1897, 
294, 376 ; DJRP. 64,736). This dyestuff was discovered 
in 1888 by Neumann, and was manufactured by the 
H6chst Faxbwerke. It is obtained by condensing 
?n-nitrobenzaldehyde with dimethyl- or diethyl-aniline, 
reducmg, diazotismg, boiling with water, sulphonating 
the m-hydroxytetralkyldiamidotriphenylmethane so ob- 
tained, and finally oxidising the calcium salt of the 
sulphonated derivative. Another method is to con- 
dense w-hydroxybenzaldehyde with dimethyl- or di- 
ethyl-anilme, sulphonate, and oxidise the sulphonic aoid. 

Under these conditions there is obtained a m-hydroxy- 
disulphonated derivative of Malachite green, having the 
constitution : 
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(0H3)aN— OeH4— 0 = OaH^ =N<^ 
/ OHg 




HO 


■SOo 





Patent blue is an acid dyestufE which dyes wool and 
silk from an acid bath, giving greenish blue shades which 
are fast to soap and alkalies. Cyanol, or Acid blue 6 G, 
is obtained by using monoethyl-o-toluidine, and PateM 
blue A from ethylbenzylaniline. 

At first, the fastness to alkalies and the change of 
shade was considered to be due to the presence of the 
hydroxy-group in the me^position. In the years 1896-7, 
Suais in France and Sandmeyer in Switzerland showed 
independently, by different methods, that the fastness 
to alkalies is really due to the presence of a sulphonio 
acid group in ori^-position to the carbon atom of the 
meth^e residue (Sandmeyer, J. 8oc. Dyers and Gol.^ 
1896, 164). Suais condensed tetramethyldiamidobenz- 
hydrol with metanilio acid, when combination occurs 
m poro-position to the amido-group, giving (I.) : 

(OHg) 2^ OH OgH^ N ( OH3) g 



(I.) \/ 


(CIH3)2N— OeH*— 0 c=OeH;4 

(n.) 

\/ 


SOq 
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Compound (I.) is diazotised, boiled with alcohol to 
ehmiriate the amido-group, and then oxidised to give 
the dyestufE (11.), which is the o-sulphonio add of 
Malachite green. This dyestufi differs in shade from 
Malachite green, being more bluish, and in its great 
fastness towards alkaJies. 

Sandmeyer condensed benzaldehyde o-sulphonio add 
(obtained by heating o-ohlorbenzaldehyde with sodium 
sulphite under pressure) with dimethylaniLLne, and after 
oxidation obtamed the dyestuff (EE.). This process was 
patented by ihe firm of Geigy (Basle), and is used in 
the preparation of Erioglaucine by condensing benz- 
aldehyde o-sulphonio acid with ethylbenzylaniline or 
its sulphonio acids. This dyestuff has the formula : 



N(0aHB).0eH4.SO8H 


More recent researches have shown that the sulphonio 
group in the oriAo-position may be replaced by other 
acid or negative groups, such as CL, Br, NO 2 , ON, 
COOCHj, etc. The dyestuffs Eriochlorine, Setogl^cine, 
Sdocyamne and Eriocyanine [Geigy], apparently belong 
to this series. 

Amongst the other substituted derivatives of Malachite 
green may be mentioned Glacier blue {D.R.P. 71,370 
(1892) ) and Victoria green ZB [D.R.P. 26,827), which are 
derivatives of diohlorobenzaldehyde. 

The influence of substitution in the Malachite green 
series has been studied systematically by Nfiltine and 
Gerlinger (Ber., 1906, 89, 2041). 

Attempts to condense tetramethyldiamidobenzhydrol 
with naphthalene disulphonio acid have been successful, 
giving the Na^pMhalene greens [M.L.B.] which are fast 
to aU^h. 
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V Triamido-derivatives of Triphenyhnethane. 

Histoncal. To this class belongs Magenta, the 
first sj^thetio dyestuff known, the study of whose 
properties and ohemical composition has largely contri- 
buted to the rapid development of the aniline colour 
industry 

In 1866 Nathanson noticed that on heating crude 
aniline with ethylene chloride at 200° C., a red dyestuff 
was formed ; in 1868 Hoffmann also obtained a red 
dyestuff by treating aniline with carbon tetrachloride. 
It was, however, the French chemist, Verguin, of Lyons 
who, in 1869, discovered the process, employed com- 
mercially for some t im e, of heating commercial aniline 
with stannous chloride. This discovery was patented on 
8th April, 1869, by Eenard Bros. & Franc, of Lyons, 
and the dyestuff was sold under the name of “ Fuchsi- 
asine ” or “ Fuohsine.” Shortly afterwards the manu- 
facture of this substance became the property of the 
Fuchsine Company with a capital of four million francs. 
At first the profits made were enormous ; about the year 
1860, Magenta (Fuchsine) was sold at 1,600 francs per 
kilogram, an amount which is at present worth five to six 
francs. About the same time Durand and Grerber-KeUer 
obtained a red dyestuff called Azaleln by heating niiiiiTift 
with mercury nitrate ; their French patent was annulled 
and their works taken into Switzerland. The Verguin 
process gave a very small yield (only 16 5 per cent.). 
In January, 1860, ike use of syrupy arsenic acid for oxi- 
dising was patented about the same time by Medlock(i? J*. 
18th Jan., 1860) and Nicholson (.BJP. 26th Jan., 1860) in 
England, and by Girard and de Laire {B.F. 26th Jan., 
1860) in France. This arsenic acid process was gradually 
abandoned because the Magmta so obtained frequently 
contained arsenic acid, which rendered it poisonous. It 
was replaced by the nitrobenzene process discovered by 
Coupler in his works at Creil, where pure nitrobenzene 
and nitrotoluene were manufactured. He noticed that 
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by heating a mixture of toluidine and nitrotoluene with 
iron and hydrochloric add, there was produced a red 
dyestufi similar to or identical with Magenta. When the 
iSichfline Company instituted proceedings against 
Coupier, Rosenstiehl succeeded in showing that Coupier’s 
pure toluidine contained two isomers, ortho- and pam- 
toluidine, and that the red obtained was different from 
Verguin’s Magenta. Coupier’s nitrobenzene process is 
the one generally used at the present time ; homologues 
of Magenta are, however, obtained by the synthetic 
formaldehyde process. 

... Constitution of Magenta. 

The detailed study of the Magenta obtained by oxidis- 
ing commercial aniline, containing toluidines, was under- 
taken by Hofmann in 1862, and it was found by him to 
consist of the hydrochloride of a base CaoHigNaHaO 
which he called roBcmilins. Pure aniline did not 
yield this red dyestuff on oxidation, and, in order to 
obtain the dyestuff, it was necessary to Tni-ir it with 
toluidine. The only toluidine known at that time was 
the solid pcwo-toluidine, but, like pine aniline, this by 
itself did not give a red dyestuff on oxidation. Hofmann 
concluded that Magenta is formed by the oxidation of a 
nuxture of two molecules of p-toluidine and one molecule 
of aniline : 

C6iy!raa4-20^7NH2 + 30 = 2HaO -HCaoHajNsO. 

This equation proved to be msufficient when Coupier 
succeeded in preparing a red dyestuff by oxidising tolui- 
dine free from aniline, which he had obtamed from pure 
toluene. Coupler’s discovery appeared to contradict 
Hofmann’s statement that pure toluidine does not 
give a red on oxidation. Rosenstiehl repeated Coupier’s 
experiments, and confirmed his results, but found that 
the pure toluidine obtained by reduction of pure nitro- 
toluene was a mixture of the soM jp-toluidine previdusly 
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kno-wn, and an isomeric liquid o-toluidine. Coupler’s 
red was hence obtained by oxidising a mixture of o- and 
p-toluidine, whereas that of Hofmann was produced by 
oxidising a mixrture of p-toluidine and aniline, and hence 
they could not be identical. The constitution of these 
red dyestuffs still remained unlmown. Hofmann, Paraf 
and Dale, Caro and WanMyn, acted on rosaniline with 
nitrous acid, and obtained a true diazo-compound which 
on boiLing with water evolved nitrogen and gave a product 
similar to rosolic acid. In the course of a notable research 
B. and 0. Fischer {Ann., 1878, 194, 242) established the 
constitution of Magenta in tiie following Tna.nTiAr ; 
The dyestuff obtained by oxidising a mix:ture of p-toluid- 
ine and aniline, CijHi^sHCl, was treated with alkali, 
and gave the base CigHi^sHgO or QigHi^gO, called 
pararosamline, which loses its oxygen on reduction to 
give a leuco-base, CjgHioNg, parcUeucaniline. ParaJeuc- 
aniline is a triamine, Ci 9 Hi 8 (NH 2 ) 8 , as on diazotising 
and boiling with alcohol, the NHa groups are replaced 
by three atoms of hydrogen giving a hydrocarbon, 
CigHie, which is really triphenyhnethane CH(C 0 Hb) 8 . 
In the same manner, the Magente formed by oxidising 
one molecule of p-toluidine, one molecule of o-toluidine 
and one molecule of amline, having the composition 
CaoHjoNgHCl, gives a base rosamKne, CgoHaiNjO, which 
on reduction yields leucaniline., CaoHgiNg. After diazo- 
tisation this compound yields on boiling with alcohol the 
hydrocarbon OaoHje, which is diphenyltolyl methane : 

/CeHB 

H-O-CbHb 

N},h.ch, 

Having determined the constitution of the original 
hydrocarbons by this degradation process, they com- 
pleted their research by conducting the synthesis of the 
dyestuffs. On treatment with nitric acid, triphenyl- 
methane (I.) gives a trinitrotriphenylmethane which is 
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converted by reduction into triamidotriphenylnaetbane, 
(11.), this is identical with po/raleuccmiline : 

(I.) NOj (nO/CeH,— NHj NHj 

OH^A— NOi-> -► NHj 

Nd,H<-NOj NH, 

On oxidation this gives the carbinol pararosanilme 
(III.), the hydrochloride of which has the following 
formula : 

NHj 0— OeHi— NHj 

0,Hj=NH 5C1 CeHj=NH2a 

Pararosanihne hydrochloride. Rosaruline hydrochloride. 

Hofmann’s commercial Magenta, containing Cgo, was 
hence the higher homologue of pararosaniline, viz. rosani- 
line, and Coupler ’s Magenta wasthenexthigherhomologue. 
This idea of homologuea of the rosanilines was developed ' 
by the researches of Rosenstiehl and Gerber [Ann. de 
chem. et ^hys. (6) 8, 176) and of Nblting. These homo- 
logues possess almost identical shades and very similar 
properties . To definitely establish the constitution of the 
rosanilines, it only remains to determine the position of 
the amido-groups in the phenyl rings. In the prepara- 
tion of the rosanilines, p-toluidine is essential, as it is 
its methyl-group which yields the carbon atom of the 
methane residue. Hence, it follows that in rosaniUne 
at least one NH 2 group should be in jp-position to the 
methane carbon atom. The numerous syntheses of the 
rosamlines and their derivatives have shown that in these 
dyestuffs all three amido-groups are in jp-position to the 
central carbon atom. The formulae of pararosaniline and 
rosaniline are as follows, being, according to Baeyer’s 
nomenclature, diamidofuchsonimonium chloride and 
diamidomethylfuchsonimonium chloride. 


TRffHEITYIiMETHAOT DYESTUJ^’i’S 167 


Pararoaaniline 

h/ydrochloride. 


/\ 




H — N — 


01 


hydrochloride. 




NH- 


/ 


GSq 


Bosaniline /\ 


ITHo 


H— N — H 


01 


Manufacture of Magenta. 

Magenta is manufactured by three prooeBses : 

(1) Oxidation of a mixture of aniline and toluidiue 

by means of arsenic acid. 

(2) Oxidation of the same mixture by nitrobenzene. 

(3) The synthetic formaldehyde process. 

(1) Aramic Acid Proceaa. (See Gi. Lauth, Diet, de 
Wit/rtz, and Mulhauser, Dingier, 1887, 268, 466, 603, 
647). The mixture of aniline and toluidines used for 
the manufacture of Magenta is called “ aniline oil for 
red.” It is obtained by mixing one part of aniline with 
two parts of toluidine containing 36 per cent, of pewa- 
and 64 per cent, of ori^-toluidine. The average 
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composition of anQine oil for red is : aniline 33 per 
cent,, p-toluidine 23 per cent., o-toluidine 44 per 
cent. The theoretical proportions necessary are those 
of an equimoleoular mixture, containing aniliae 
30 per cent., o-toluidine 36 per cent., p-toluidine 
36 per cent., but an excess of o-toluidine increases 
the yield. 

670 kilograms of syrupy arsenic acid (sp. an. 2 05) 
and 340 Idlogramfl of aniline oil for red are placed in 
a cast-iron vessel fitted in the lower portion with a large 



inclined pipe for emptying. The vessel is closed by a 
cover carrying several openings (Fig. 6) for the axis 
of the stirrer, a tube for the ihermometer, an inclined 
pipe leading to a condenser, and an opening for taking 
samples. The apparatus is heated by direct fire or 
in an oil bath first to 120° and then with constant 
stirring to 180-190° in seven hours. Water distils off, 
carrying oil with it, and this is called Magenta ^chapp^. 
When half of the oil has distilled off, and a sample 
solidifies on coohng, the product is run off into wooden 
tanks. 


TRIPHENTLMETHANE DYESTUBTS 169 


Thie Magenta echcuppes are separated from the water, 
and are used for the mamifaoture of azo-compounds 
and of Safranine : they contain very little ^-toluidine 
and can no longer be used for the manufacture of 
Magenta. Their composition is : about 70 per cent, 
o-toluidine, 29 per cent, aniline, and a small amount 
of 53 -toluidine. 

The mass resulting from the oxidation ooutaios, in 
addition to Magenta, other soluble and insoluble pro- 
ducts. It is crushed and placed in an extractor con- 
sisting of a horizontal cylinder fitted with a stirrer and 
covered with a round lid. 2600 litres of water are 
introduced into the ex±raotor containing the crushed 
mass, the stirrer set in motion and the vessel sealed ; 
steam under pressure is then passed in to raise the 
temperature to 120-130°. After some time, the passage 
of steam is stopped, and the liquid allowed to stand 
until the pressure in the apparatus has fallen to one-third 
that of the atmosphere. The liquid is then passed 
through filter presses, which retain insoluble products, 
and the filtered liquid is placed in tanks ; it contains the 
arsenate and arsenite of rosauiline in addition to other 
soluble dyestuffs, such as Chryscmiline. Twelve kilograms 
of hydrochloric acid are added to keep the ChryBaniline in 
solution, fifty kilograms of common salt added to convert 
the arsenate and arsenite into the chloride, and the 
liquid allowed to cool. Magenta is deposited in crystal- 
line cakes, and this crude product must be purified. 
The mother liquors are heated to 40° and neutralised 
with sodium carbonate, which precipitates a dyestuff. 
Cerise, as a resinous mass, which is separated, and the 
liquid which contains icka/pipis in solution is made 
alkaline with lime and the bases separated by steam 
distillation. The crude Magenta is dissolved in 2600 
litres of water, and the solution heated to the boiling 
point in the course of half an hour. Ten kilograms of 
calcined sodium carbonate are added in small portions 
to precipitate the Mauveines, which are deposited in the 
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form of resins and may be separated. The solution 
win now only contain Magenta and ChryBaniline, and is 
heated for one hour, decanted, filtered, and then eighteen 
kilograms of hydrochloric acid and twenty-five kfiogranos 
common salt added, the whole being transferred to the 
crystallising tanks. On the surface of these are placed 
wooden sticks, on which the Mhgenta is deposited in large 
crystals , after standing for two days and three nights, 
the mother liquor is run ofit and the crystals sorted and 
dried. The largest crystals form Diamond Magevia or 
Magenta 00. The yield of Magenta crystals is not 
more than 36 per cent, of the weight of aniline oil for 
red used. 

(2) Nitrobenzene Process. The apparatus used is 
shnilar to that of the preceding process, except that the 
vertical portion of the pipe leading to the condenser 
is somewhat longer, in order to allow the condensed 
liquid to flow back into the heating vessel. Two-thirds 
of the amount of aniline oil for red to be used are first 
neutralised with hydrochloric acid, the salt dried, and 
heated to 130-140°. The remaining third, of the aniline 
oil for red is added and then an amoimt of nitrobenzene 
equal to one-halE the total amount of aniline oil for 
red used. The liquid is gradually heated to 190° with 
addition of a quantity of iron filings amounting to 6 per 
cent, of the weight of the aniline oil. Water and 
ichc^is, consisting of nitrobenzene and a mixture of 
onilirift and o-toluidine, distil from the end of the 
condenser. The progress of the reaction is followed by 
taking samples, and when it is finished, a current of 
steam is passed in through the axis of the stirrer to 
separate the remainder of the oils. The pasty mass is 
allowed to run into boiling water, to which has been added 
hydrochloric acid and salt, when the bases in the product 
dissolve as hydrochlorides, but the Magenta remains 
insoluble. The liquid is decanted, neutralised with hme, 
and steam distilled. The Magenta is obtained as an 
amorphous mass with bronze reflex, which is purified as 
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in the arsenio acid process. It is naturally free from 
arsenic, and the yield is somewhat higher, being about 
42 per cent. In the commercial process, nitrotoluene is 
used, larger yields being obtained. 

In the two processes outlined above, a mixture of 
pararosaniline and rosanilme is obtained, the former by 
oxidation of one molecule of ji-toluidine and two mole- 
cules of aniJme, 

C!6H4<^^ +2CflH5KH2 -^30 = ZB.^0 • 

and the latter from one molecule of p-toluidine, one 
molecule of aniline, and one molecule of o-toluidine. 

+ C,H.<^ W + 30 

= 3H2O -f- O20H19I73. 

The necessary oxygen is obtained either by the con- 
version of the arsenio acid into ansenious acid, or from 
the nitrobenzene In the latter case, the reaction is more 
complex, as the iron salts act as oxygen carriers, the 
ferrous chloride formed being oxidised by the nitro- 
benzene to give ferric chloride, which is the active agent 
in the oxidation of aniline oil for red. It would appear 
that the aniline formed from the nitrobenzene does not 
itself enter into the composition of the Magenta pro- 
duced, for if the nitrobenzene is replaced by chloro- 
nitrobenzene or a sulphonated derivative, chlorinated 
or sulphonated rosanilines are not obtained. 

Rosenstiehl and Nolting have found that all the higher 
homologues of jp-toluidine yield rosanilines on oxidation 
in presence of primary amines in which the meta- and 
para-positions are free. 

3. FormaMeJvyde Process. By this process any of the 
rosanilines may be prepared in the pure state, and further, 
it is easy to obtain the rosaniUne derived from tritolyl- 
methane, New Magenta, containing € 22 - 

By the action of an aqueous solution of formaldehyde 
on a primary base such as aniline or toluidme there is 

O.P. L 
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first formed a methylene derivative. Thus in the case 
of anihne the following reaction occurs . 

CeHj . NHa + OCHa = CeH^— N : GH^ + H^O, 

dehydro -formaldehyde aniline or methylene aniline being 
produced. On heating with an excess of aniline and 
its hydrochloride, these methylene derivatives jSrst form 
the isomeric dehydro -amido-benzyl alcohols, which then 
combine with a further molecule of aniline to give 
diamidodiphenylmethane or its homologues {D.R.P. 
63,937, 64,848, 66,666, 87,934 (Hdchst), 96,762 (KaUe) ). 


N = aHa 

A 

\y 


im — 

\X 

I 


+ OgHgNHa 


<OeH4 . 


NH 

2sra: 


a 

a 


OHa ' 


Homolka in 1882 and Walter in 1887 obtained Magenta 
by oxidising a mixture of j?-diamidodiphenylmeSiane 
and aniline. In the HQohst Farbwerke {JD.E.P. 61,146) 
this oxidation is carried out by means of nitrobenzene 
and iron. The dehydro-bases may also be converted 
into dyestuffs directly by heating with an excess of 
aniline or another base or their hydrochloride, nitro- 
benzene and ferric chloride, the oxidation being repre- 
sented by the following equation : 


+ 0, 

^CeH,=NH 

= 0— CeH^— NHa -b 211^0 

Ah*— NH a 

By entirely or partly replacing the aniline by o-tolui- 
dine, homologous Magentas containing Oaoj Cax, O 22 J etc., 
may be obtained. 
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Other Synthetic Methods. Leuoo-baaes of the Magenta 
series may be obtained by condensing jj-nitrobenzalde- 
hyde with aniline or o-toluidine in presence of zinc 
chloride, the nitro-compound produced being then 
reduced. Another method is to act on aniline with 
p-nitrobenzylchloride, jJ-nitrobenzotriohloride, orp-nitro- 
benzyl alcohol. 


.. General Properties of the Rosaniline Series. 

Most of the reactions of the Magenta series are common 
to aU the amido- and alkylamido-triphenylmethane 
dyestuffs. 

Action of Reducirhg Agents. Reduction converts the 
dyestuffs into the colourless leuco-bases, but these yield 
the dyestuff again on oxidation ; the action of the air 
is not sudBO-cient to cause the reappearance of the original 
colour. 

Action of Oxidising Agents. The triphenyhnethane 
dyestuffs are destroyed by oxidising agents. According 
to Georgievics, pararosanilme yields diamido-benzo- 
phenone. It is for that reason that it is essential not 
to use more than the theoretical amount of lead dioxide 
in oxidising leuco-bases. 

Adion of Acids. The colour bases (carbinols) give 
the mono-acid salts with acids, these forming the dye- 
stuffs, whereas excess of acid gives yellow salts. Warm 
dilute acids bring about the hydrolysis of the dyestuffs. 
Oonoentrated sulphuric acid acts as a sulphonating agent, 
but this process occurs best with the leuco-bases. On 
treatment with nitrous acid the rosanUines give diazo- 
oompounds, and these on boiling with water give rosohc 
acids. 

Action of Alkalies. The dyestuffs derived from tri- 
amidodiphenylmethane are decolourised by alkalies 
owing to the formation of the oarbinol bases. This 
conversion is not instantaneous, and has been shown 
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to agree with the quinonoid theory, a coloured quinonoid 
ammomum base being first produced, which is slowly 
converted into the colourless carbinol : 




C^CeHf-NHa 

% H 

CeH,=N<g 

01 


CeH^— NH, 




C0H4— NH 




CeH4=N< 


OH 


H 

H 


.CeH^-NHa 
C^eH4— NHa 


This has been found by Homolka, and proved more 
exactly by a study of the conductivity of the salts in 
presence of caustic alkali by Hantzsch and Osswald 
(Her., 1900, 88, 278, 763). 

Action of Ammofda. This has been shown by ViUiger 
and Kopetschni (Her., 1912, 46, 2910) to yield, not 
oarbinols, as was previously considered, but amines of 
the type . NHj, which are not much different 

from the carbinols, being stable to alkahes, but yielding 
ammonia on treatment with alcohols, thus • 

NHa + CaHgOH = Rs^C— OCaHe + NHa. 

Action of Light. The triphenyhnethane dyestuffs are 
not very resistant to the action of light, and hence the 
shades obtained are not fast. 


PararosaniUne hydrochloride has the formula : 

^H-a 
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It is slightly soluble in water, from which it forms 
crystals with a metallic reflex, which contain 4 H 2 O 
(Schultz, Die Chemie des Steinkohlenteers, 3rd edition, 
vol. ii., p. 166). It is present in ordinary Magenta. 

‘ Magenta. The hydrochloride crystallises in large 
octahedra with a metallic reflex 

0flH4=]SfH. HCl 

NHa 

^ New Magenta is the hydrochloride of triamidotritolyl- 
carbinol, and is obtained by the formaldehyde process 
(D.J2.P. 69,776). 

OjH3(CH3)-NH2 

C^aH3{GHa)-NH, 

CeHa(CH,)=NH.HCa 

It is a crystalline powder which differs from the 
preceding dyestuffs in its greater solubility in water, 

The Rosanilines are red basic dyestuffs which dye wool 
and silk direct, and also dye cotton mordanted with 
tannin. The sulphonic acids obtained by sulphonating 
Magenta, or, better, rosanihne, axe acid dyestuffs which 
dye wool and silk from an acid bath. The sodium and 
ammonium salts have the names Magenta S, Acid 
Magenta, etc. 


Alkylated Derivatives of the Rosanilines. 

The substitution of a methyl group for one or more 
hydrogen atoms of the rings yields higher homologues 
of pararosaniline without changing the shade of the 
product. This is not the case, however, if one or more 
alkyl radicles are substituted for the hydrogen atoms 
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of the amido-group ; the shade is considerably modified 
and it becomes more violet the greater the number of 
hydrogen atoms replaced. Thus hexamethylpararos- 
azuline hydrochloride, Crystal violet, gives pure violet 
shades. 


CeH4— NHa 

C^CeH^— NHg 

% H 

C„H,=N<g 

A 


Cl 


Pararosambne. 


Crystal violet. 


General Methods of Pre/paration. The alkylated deri- 
vatives are obtained by methods which can be applied 
generally : 

(1) The oldest method, used by A. W. Hofmann for 
first preparing the Aniline violets, consists of heating 
the rosaniline with alkylogens, for example . 

CeH^-NHa 

HO— C^CeH^— NHa -f- SCHgCl -I- 3NaOH 

\)eH,-NH2 

CoH^-NHCHg 

= HO— C^flH^— NHCHg + 3NaCl -f- 3HaO 

\ 

CeH^— NHCHa 

Using methyl iodide or bromide, the substitution may 
be carried as far as the hexamethyl-derivative, and with 
ethyl esters, tri- or tetra-aJkylated derivatives may 
be obtained. 

(2) Tetraalkyldiamidobenzophenones are condensed 
with tertiary amines in presence of phosphorus oxy- 
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chloride or carbonyl chloride. In the latter case, the 
carbonyl chloride may be allowed to act directly on a 
tertiary base. 


— ^NR2 

CO< + CaH^NRa + COCla 

CgH^ ^NR2 

CeH^— NR2 

= CO, + HCl + NB, 

C,H,=KR,, 

il 

(3) Tetraalkyldiamidobenzhydrolfl are condensed with 
tertiary bases, the leuoo-bases so obtained being oxidised : 

CeH,-NR2 

HC— [OH + HCeHi—NRa 

\„H4-NR2 

OeH^— NR2 

= HC— 0eH4— ISTBa + H 2 O 

\ 

CeH*— NR2 

This process may be modified by oxidising a mixture 
of a tertiary base and a tetraalkyldiamidodiphenyl- 
methane. 

(4) A dialkyl-^^-amidobenzaldehyde is condensed with 
two molecules of a tertiary amine and the leuco-base 
oxidised. 

(6) Ethyl oxalate is condensed with secondary or 
tertiary amines in presence of aluminium chloride 
(A. Guyot, Bull. Soc. chim., 1907, 1, 937). 
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_ Methyl violet. 

The formation of violet dyestiiffs by alkylation of 
rosaniline was observed by Kopp in 1861, and studied 
in 1864: by A W. Hofmann, who obtained Iodine, violet 
or Hofmann's violet by the action of ethyl iodide on 
rosaniline. As the rosamline which he used contained 
pararosaniline, the dyestuff obtained was a mixture of 
triethyl-rosanihne and triethyl-pararosaniline. This pro- 
cess was soon afterwards replaced by the one discovered 
by Lanth in 1866 and carried out by the firm of Poirrier 
at Saint-Denis, which consisted of oxidising dimethyl- 
aniline m presence of copper salts. In this manner the 
use of the very expensive iodine is avoided, and it is not 
necessary to ^t prepare rosaniline. 

A mixture is made consisting of a copper salt (nitrate, 
sulphate or chloride), common salt, sand, dimethyl- 
aniline, and an acid, and heated to about 40-60®, when the 
formation of the dyestuff commences immediately and 
the mass assumes a metaUio lustre. When the reaction 
is finished, the mass is extracted with water and the 
dyestuff precipitated by addition of salt. The yield 
obtained is from 70 to 76 per cent, of the weight of 
dimethylaniline used. 

Kscher has shown that, during the oxidation of the 
dimethylamline, formaldehyde and formic acid are also 
produced (E. and 0. Fischer, Ber., 1878, 11, 2098 ; 
1883, 16, 2909), and hence the formation of the violet 
dyestuff may be explained by one of the methyl groups 
of the dimethylaniline yielding formaldehyde, whilst 
monomethylaniliae remains : 

0,Hs-N<g& + 0 = 0,Hir-NH— CH, + CH,0. 

The formaldehyde then condenses with the dimethyl- 
aniline and the monomethylaniline, giving derivatives 
of diphenylmethane, and these are oxidised in presence 
of an excess of base, forming mixtures of tri-, tetra-, 
penta-, and hexa-methyl-pararosanih'ne. According to 
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the proportions of the various products, a more or less 
violet dyestuff is obtained. 

Crystal violet (hexamethyldiamidofuohsonimonium 
chloride). This dyestuff is prepared by one of the general 
methods. It forms brilliant green crystals containing 
OHjO, and on reduction it gives hexamethyl paraleuo- 
aniline, which forms white plates of m J. 173°. 

By the action of methyl chloride on an alcoholic 
solution. of Meth/yl violet, the liquid being kept neutral, 
the methyl chloride compound of hexamethyl-pararos- 
aniline is obtained. It is a green dyestuff, which was 
discovered by Hofmann, and manufactured by Lauth 
and Baubigny in 1871. It is called Methyl green, and 
has the following constitution : 

^CeH,-N(CH3)2" 

C =CeH4=N(CH3)2Cl 
\ /CH3 

CeH^— NeCHg 

Benzylated Derivatives. By the action of benzyl chloride 
on Me^yl violet, Lauth, in 1868, obtained Benzyl violet. 

The dyestuffs containing benzyl groups are easily 
sulphonated, and to the class of substances so 
obtained belong Acid violet 6B, lOB, etc., and the 
Formyl violets, one of which is prepared by condensing 
formaldehyde with ethylbenzylanilme sulphonio acid and 
oxidising in presence of diethylaniline. 

w Fhenylated Derivatives of the Rosanilines. 

In 1861 Ch. Girard and de Lahe prepared the first 
phenylated derivatives of Magenta by heating the salts 
of rosaniline with aniline to 160°, when violet and blue 
dyestuffs were obtained which they patented in France 
and in England (B F. 2nd January, 1861). Their manu- 
facture was undertaken by the Euchsine Company at 
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Lyons, and by Simpson, Maule, and Nicholson in London. 
The process was slightly modified by the addition of 
various condensing agents, such as acetic acid, benzoic 
acid, etc. Later in 1867, Girard and de Laire succeeded 
in converting diphenylamine directly into AmAline blue'^ 
by heating with oxalio acid at 110-120®. It was, how- 
ever, Hofmann who established the constitution of these 
dyestuffs by showing that the formation of these violet 
and blue compounds from rosanihne is due to the 
substitution of one, two, or three phenyl groups for 
the hydrogen atoms of the amido-groups. Whereas the 
monophenyl-deiivative is violet, the diphenyl-derivative 
is bluish violet, and the triphenyl-derivative is a slightly 
greenish blue dyestuff. As the rosaniline used for its 
preparation is mixed with pararosanilme, the blue dye- 
stuff obtained is reaUy a mixture of the phenyl deriva- 
tives of the two bases. The action of aniline on 
rosaniline may be represented by the equation . 

.CeH4— NHa HNH— CeHc 

HO— C~CeH4--NHa HNH— OeHg 

N:!,Hg— NHa HNH— OgHe 

'^CH 

.CeH^-NH-CeHe 

= HO— C— CeH^— NH— OeHg -F SNHg 

\:!eH3-NH-CeHg 

CH, 

The shade of blue obtained is much purer than that of 
the original dyestuffs. It is essential to use aniline free 
from toluidines, as the dyestuffs obtained from the 
toluidines have a redder shade, and it is for this reason 
that pure aniline is sometimes still termed at the present 
time “ aniline oil for blue ” to distinguish it from “ aniline 
oil for red.” 

Up to the present, it has not been found possible to 
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introduce more than three phenyl groups into rosaniline. 
The salts of the bases so obtamed are blue dyestuffs 
■which are msoluble in water but soluble in alcohol. 
In order to make these dyestuffs soluble it is necessary 
to sulphonate them ; the free sulphonic acids are coloured 
and are insoluble in water but soluble in alkalies, giving 
colourless solutions of the alkaH salts of the sulphonic 
acids of the carbinols. These are coloured in contact 
with acids, and constitute the Alkali blues of commerce 

Derivatives of Pararosaniline. 

The monophenyl- and monotolyl-derivatives occur 
together with the diphenyl- and ditolyl-derivatives in 
the dyestuffs known as Phenyl violet. Imperial violet, 
Regina violet, Lyons blue, etc , being also mixed "with the 
corresponding derivatives of rosaniline. They are ob- 
tained by heating rosanhme prepared by the arsenic 
acid method with the Magenta dchappds formed at the 
same time, at 120° in presence of acetic acid. 

^ Diphen/ylamine blue, triphenylpararosaniline hydro- 
chloride : NH— OftHs 

0— C0H4— NH— CflHg 

'^0eH4=im-CeH5 

Jl 

is considered to be present, together -with its higher 
homologue, in Aniline blue. It is obtamed by heating 
aniline with pararosaniline and a condensing agent (an 
organic acid), by heating diphenylamine with perchlor- 
ethane (CgClg) or by heating diphenylamine with oxalic 
acid at 120°. In the last reaction, the oxalic acid yields 
the carbon atom for the methane residue by a process 
which is still unknown ; the yield is very small, being 
about 10 per cent. Baeyer and Villiger {Ber., 1^4, 87, 
2870) have been able to detect the presence of triphenyl- 
pararosaniline in Diphenylamine blue. 
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Diphenylamine blue is also known under the name of 
Spirit Sky bVae or Bavo/rian blue. It is insoluble in water, 
and only slightly soluble in alcohol. Its sulphonio acids 
were prepared by Nicholson in 1862, and were the first 
sulphonio acid dyestuffs known. The trisulphonio acid 
is called Soluble Sky bhie, Cotton bhie, or Meboebia bhie, and 
was prepared by Sandmeyer by condensing diphenyl- 
amine sulphonio acid with formaldehyde, and oxidising 
the diphenylmethane derivative produced in presence of 
a further molecule of the sulphonio acid {D.B.P. 73,092, 
73,178, 76,072, 77,318). 

Whereas Alkali blue XQ, the monosulphonio acid of 
)8-naphthyl-pararosanilme, was not of great importance. 
Soluble blue XG, the trisulphonio acid, is valuable owing 
to the brilhanoy and purity of its shade, and is com- 
mercial as the Titan Gomoa [H.], lacmine blue [C.], 
Benzo BriUumt blue [By.], etc. Unfortunately, as is the 
case with all the Triphenyhnethanes and Phthaleins, 
tbifl dyestuff is not very fast to light. 

Derivatives of Bosaniline. 

The most important dyestuffs of this group are 
Aniline blue, also known as Spirit blue, Oentian blue. 
Opal blue, or Light blue, and its sulphonio acids. 
It IS prepared by heating 260 kilograms of aniline, 
25 kilograms of rosaniline, and 3 kilograms of benzoic 
acid in a cast-iron vessel fitted with a stirrer and 
heated in an oil-bath or by direct fire. The aniline, 
rosaniline and five-sixths of the benzoic acid are first 
introduced and heated to 180°, and then the remainder 
of the benzoic acid added. An energetic reaction 
occurs, ammonia is hberated and aniline diatilH off. 
When samples taken show that the reaction is complete, 
the mass is run into dilute hydrochloric acid, which 
dissolves the excess of aniline and rosaniline, the Aniline 
blue remaining insoluble, and this is filtered off, washed, 
and dried. A small amount remains in the mother 



TRIPHEISTYLMETHAOT DYESTUFFS 173 


liq^uors, whioli are treated with lime and distilled to 
obtain the aniline. (See Schultz, Gh&m. des Stein- 
koMente&rs.) Thirty-four to thirty-five kfiograms of 
Aniline blue (theoretical 44-3) are obtained from twenty- 
five Idlograms of roaam'b'ne. In this reaction the exact 
part played by the benzoic acid is not known. 

In the pure state, Aniline blue forms green crystals 
which are soluble ia alcohol to a blue solution. 
This dyestuff was supposed to be triphenyhosaniline 
hydrochloride, but Baeyer and Villiger {Bar., 1904, 87, 
2870) have shown that the Aniline blue of commerce 
consists of almost pure diphenyhosaniline, and that 
triphenylrosanihne cannot be prepared by the action of 
aniline on rosandline ; this has been confirmed by Knecht 
(J. Soc. Dyers and Col , 1907, 119). 

'-Aniline blue is easily sulphonated even by ordinary 
sulphuric acid, and as rosaniline can only be sulphonated 
with difficulty, the sulphonio groups are supposed to enter 
the substituted phenyl radides. The sulphonation was 
first carried out by Nicholson, and the sodium salt of the 
monosulphonic acid is known as Alkali blue or Nicholson* a 
blue. The free acid is blue and insoluble in water, whereas 
the alkali salts are colourless, probably being carbinols : 

/ 0 eH,-NE-CeH,-S 03 
P r* TT 

-fNaOH 

^OeH,=NH-CeH3 

Blue acid anhydride. 

NH— CgH^— SOaNa 

Colourless sodium salt. 

The alkali salt dyes wool from a bath containing 
sodium borate or phosphate, but the fibre so treated is 
only of a slightly bluish grey colour, and must be 
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developed by passing through a bath, of a dilute mineral 
aoid, to convert the carbinol into the free acid, or, better, 
into its coloured anhydride. 

More energetic sulphonation gives the disulphonic 
acid, or Sol^le Silk blue, and then trisulphonic or 
tetrasulphonio acids, the Soluble Cotton blues, which are 
soluble in water and are used for dyeing wool and silk 
from an aoid bath, and for dyeing cotton mordanted with 
tannin or alumina. 

'-Triamido-derivatives of Diphenylnaphthylmethane. 

The general methods used for the preparation of the 
alkylated derivatives of triphenylmethane may be 
extended to those of diphenylnaphthylmethane. To 
this group belong the following dyestuffs : 

Victoria blue, obtained by condensing tetramethyl- 
diamidobenzophenone chloride with phenyl-a-naphthyl- 
amine. 

Night blue. Ketone base is condensed with jp-tolyl- 
a-naphthylamine 

Both these basic dyestuffs dye wool and tanned cotton 
a pure blue (Kern and Caro, DJtJ*. 29,060 ; Nathansohn 
and MtiUer, Ber., 1889, 22, 1891). 

New Victoria blue is produced by the condensation 
of Miohler’s hydrol "with ethyl-a-naphthylamine. 

yHTDBOXY-DBBIVATIVES OF TBIFHENTLMETHANB. 

Just as fuchsonimine is the chromogen of amidotri- 
phenyknethane dyestuffs, fuchsone is the chromogen 
of the hydroxy-derivatives. It is readily prepared by 
heatmg p-methoxytriphenylmethane to 180-200“, when 
methyl chloride is split off : 

01 
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Bistrzyoki and Herbst, who first isolated this product, 
called it diphenylquinomethane {Ber., 1903, 36, 2333). 
Baeyer, Vilhger and Hallensleben {Ber., 1903, 36, 2791) 
prepared it by heating p-hydroxytriphenylcarbinol in 
a current of hydrogen, when it loses a molecule of water. 
Baeyer has suggested the name fuchsone for this com- 
pound. It forms brown crystals of m.p, 167-168°. 

The hydroxy-dyestuffs are derived from fuchsone by 
the introduction of further hydroxy-groups in para- 
position . The simplest is Benzm/rine or hydroxyfuchsone,- 
discovered by Ddbner (Ber., 1879, 12, 1462 ; 1880, 13, 
610) by heatmg benzotriohloride with phenol. It has 
the following constitution : 

/<Z>°= 

CgHg— 0 


Benzaurine dissolves m alkahes, forming an intense 
red solution. 

A new series of dyestuffs which are very fast to aJkaJi, 
due to the presence of a substituted group in ortho- 
position to the methane carbon atom, has been prepared 
by A. Cbnzetti, by the condensation of ort^-substituted 
benzaldehydes with salicylic or oresotimo acid by means 
of sulphuric acid, and then oxidation by means of 
nitrosyl sulphate. hVom benzaldehyde o-sulphonio acid 
and o-cresotmio acid, there is produced Brio Chrome 


cyanine B : 



0 




iSOgH 
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which, gives a brick-red shade on wool, which turns to 
a violet-blue on after-chroming. 

Brio Ghrorm Azv/rol B is prepared from o-chlorobenzal- 
dehyde, and Chromaawol S from o-ohlorobenzaldehyde 
Bulphonio acid. The Ghromooccm colours are similar 
dyestuffs derived from aldehydes of the naphthalene 
series. 


The most important compounds are the : 

-^Trihydroxy-derivatives. 

Historical. In 1834 Runge obtained a red dyestuff, 
by oxidising crude phenol, to which he gave the name 
rosoUc acid. Later Kolbe and Schmidt, in 1869, pre- 
pared a similar red dyestuff by treatiug phenol with 
oxalic acid m presence of warm sulphuric acid ; they 
considered this product to be different to rosoUo acid 
and oaUed it Avrine. In 1866, Caro and Wanklyn 
showed the relationship of these dyestuffs to Magenta. 
By decomposmg diazo-rosaniline with water, they 
obtamed a red dyestuff which they believed to be 
identical with Bunge’s rosolic acid, and hence different 
from Aurine. In 1887, however, Dale and Sohorlemmer 
succeeded in converting Aurine into rosanilme, which 
seemed to show that rosolic acid was identical with 
Aurine. It was only when the researches of Fischer 
had established the constitution of rosaniline, and the 
idea of homologues of rosanilme had been suggested 
by Rosenstiehl, that the difference between Aurine and 
rosolic acid was recognised. This difference is the same as 
that which exists between pararosaniline and rosaniline, 
rosolic acid being the higher homologue of Aurine. 
Diazotisation of pararosaniline gives Aurine, and diazo- 
tisation of rosaniline gives rosolic acid. The trihydroxy- 
carbinols are not known, as they immediately lose a 
molecule of water to give the dyestuffs : 
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.CeH,— NHa 

HO—d— CeH^— NHa 4-HNOa — ^ 
Pararosatuline. 


— OH 

HO— 0— CeH^—OH 
'\CeH 4 — OH 


/CeH.— OH 


C— CeH^— OH+H 2 O 

'^CoH4=0 


Aurine. 


- Aurine, pararosolic acid, or Yellow oorallin is formed 
together with rosolic acid and many other products by 
heating phenol with a mixture of sulphuric and oxahc 
acids for twenty-four hours at 120-130°. As has been 
described, it is also obtained by decomposing diazo- 
pararosaniline with water. It forms red crystals which 
are soluble in alcohol and acetic acid to a yellowish-red, 
and in alkalies to a magenta coloured solution. Beduc- 
ing agents convert it into leuoo-Aurine or trioxytri- 
phenyhnethane. 

By heatmg crude Aurine under pressure with ammonia, 
Guinon, Mamas, and Bonnet of Lyons obtained a red 
dyestuff, PaeorUrbe or Bed coraUin ; by heatmg Aurine 
with aniline, a blue dyestuff, AzvMne, is produced. 

'-BoaoUc ctdd is obtained by oxidising a mixture of 
cresol and phenol in presence of sulphuric acid by means 
of arsenic acid. A simpler method is to diazotise 
rosaniline and boil the diazo-compound with water. 
Bosolic acid crystallises in red prisms, which are soluble 
in alkalies to an intense red solution. All these com- 
pounds are now almost entirely used in the form of lakes • 
in prmtmg wall-papers. 

PheriolpMhalein * is a hydroxy-carboxylic acid dye- 
stuff which may be compared with Aurine. Baeyer has 

^Most authors place phenolphthaleln among the phthalelns, 
derived from fluorane ; it is oonvonient to consider it imme- 
diately after the hydroicy-derivataves of triphenylmethane. 

O.D. M 
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given the name “ phthaleins ” to the oompoimds which 
are formed when phthalio anhydride is condensed with 
phenols. In the case of phenol the reaction is : 


OaH4 O + 2 06 Hb0H 



O0H4 0 


Phenolphthalein is the hydroxy-derivative of phthalo- 
phenone, which is obtamed by condensing phthalyl 
chloride with benzene in presence of aluminium chloride. 


o,h,<:No 

CO 


+ 2CeHe 


'CeH, 

= O 3 H 4 0 

\/ 

CO 


+ 2HC1 


Phenolphthalein and most of the phthaleins derived 
from it are colourless ; on reduction they yield phtha- 
lines, which are hydroxy-carboxylic acids derived from 
triphenylmethane : 


,C«H^— OH 


C«H 


C 

V 


C„H4— OH 


0 


+ H, 


CeH4-C< 

I i 


CeH^—OH 

CeH^— OH 


COOH 
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The phthaleins dissolve in alkalies to form very intense 
reddish- violet solutions, whioh are decolorised even by 
very weak acids, such as carbonic acid. The salts formed 
contain two atoms of a monovalent metal, and their 
colour has been esqplained by the quinonoid theory. The 
alkali first breaks the lactone ring, then giving a salt of 
the carbinol, as follows . 


an, 


0 

/ \ 


.CeH,-OH 
OH 


6-^4 


o 


V 


+ NaOH 


/OeH,- 


OH 

= CeH^— C^CA— OH 




In the same manner that trihydroxytriphenyloarbmol 
loses water to form Aurme, this o-carboxyhc acid of the 
carbinol loses water, thus : 


CflH^— OH 
C 0 H 4 — O^CeH^— OH 
cioNa"^ OH 


.CflH,-OH 

= CeH^— CUCeH^^O 


i 


OONa 


+ H 2 O 


and at the same time the remaining hydroxy-group 
is converted into the salt. Kober and Marshall {Jowm. 
Amer. C.8., 1912, 1424) have recently prepared the mono- 
sodium salt of phenolphthalein : 


OOONa 


/ \_0<WH 
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Phenolphthaleln should have a different constitution 
in the free state than in the form of a salt, and thia 
tautomerism has been made the subject of a number of 
researches which can only be mentioned. They include 
the work of Haller and Guyot {Qorrvpt. rend., 1893, 116, 
479 ; 1896, 120, 297), and of Friedlander, Meyer, etc. 
The recent researches of Green and King (J3er., 1906, 89 , 
2366 ; 1907, 40, 3724), K. Meyer and Hantzsch {Ber!, 
1907, 40, 3484), R. Meyer and Marx (Rer., 1907, 40, 
3603 ; 1908, 41, 2446), have advanced very good argu- 
ments in favour of the quinonoid theory. Green and 
King have been able to show that the phthaleSns give 
coloured esters, in which the carboxyl group is esterified, 
and which should hence have a quinonoid structure, 
similar to that of the coloured salts ; thus ; 

.OeH,— OH 
CeH*— 0=CaH4 = 0 
\lOOR 

Colourless esters of the lactone form have been known 
f^a long time. In addition a coloured ethyl ether of 
t^abromophenolphthalein is known which has a quino- 
rioid structure. 



CHAPTER XVII. 
XAHTHENE DTESTUPFS. 


The name xanthene has been given to the internal 
anhydride of o-dihydroxydiphenylmethane : 



The o-dihydroxy-derivatives of di- and of tri-phenyl- 
methane easily lose a molecule of water, being converted 
into xanthene derivatives. On oxidation xanthpne 
yields a ketone, xanthone, which is converted into 
xanthhydrol by reducing agents. Xanthhydrol gives 
salts with acids, and according to present ideas of the 
basic properties of oxygen the halogen is considered to 
be attached to the oxygen, which becomes tetravalent. 



Xanthhydrol. Xanthonium salt. 
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This last compound is called xanthonium chloride, and 
the formula given, which is in accordance with the 
“ oxonium theory,” represents the oxygen atom as basic 
and tetravalent. From the following it will be seen 
that numerous analogies exist to the Thiazines, in which 
the sulphur atom is tetravalent, and the compounds are 
called thiazonivm or azth%omum derivatives. These 
ideas were first suggested by A. G. Green {J.C.S. Proc.t 
1892 and 1896) and have been developed by the 
researches of Kehrmann {Ann , 1902, 822, 1 ; 1910, 872, 
287), Eosse, etc. 

To obtain dyestuffs it is only necessary, as m the case 
of di- or tri-phenylmethane, to introduce auxoohromes in 
jp-position to the carbon atom of the methane residue 
in xanthene, and to oxidise the leuoo bases so obtained. 
The general method for preparing these dyestuffs is to first 
obtain a jj-disubstitut^ o-dihydroxy-derivative of di- 
or tri-phenylmethane, dehydrate this product, and oxidise 
the resultmg compound; thus tetramethyl-^-diamido- 
o-dihydroxydiphenyhnethane first gives a xanthene 
derivative : 

OH OH 




/%/ 


"^I^N(OHg) 



OHa 


(OHs)2Nf^/^ \|^N(0H3) 


OH, 


-|-HaO 


which on oxidising in acid solution gives the dyestuff. 
Two constitutional formulae may be assigned to thia 
dyestuff, one, the ^lora-quinonoid formula, similar to that 
of the triphenyhnethane dyestuff : 
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(aH 3 ) 2 N— 


/\/ 


-^aH 8)2 


/V 

OH, 


01 +0 


( 0 H 3 ) 2 N— = 


N(0Ha)j 


OH 


01 


+HjO 


and the other, in which oxygen has become tetravalent, 
giving an ort/w-quinonoid formula : 


(0H3)2N 


H Cl 

Y 

/%/ "" \/\ 


N(0H3)s 


+ O 


OH, 


01 


(0H8)2N| 


/\/ \/\ 


N(0H3)s 


+H20 


OH 


The formula according to the oxonium theory appears to 
be the one most favoured. 

Whichever formula may be adopted, there is present a 
particular structure of carbon and oxygen atoms known 
as the pyrowe ring : 
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/°\ 

0 0 

1 I 

0 0 

hence these dyeatufEs are often called Pyromnes. The 
Pyronines form fluorescent solutions. 

^ Derivatives of Xanthene. 

These compounds are of little importance. They 
are obtained by condensing formaldehyde with two 
molecules of a dialkyl-m-amidophenol, and dehydrating 
the product by heating with concentrated sulphuric acid . 
the diluted solution is then oxidised by means of ferric 
chloride or nitrous acid (Biehringer, Jowm. f. prakt. 
Chem., 1896, 64, 217). Another method is to condense 
formaldehyde with two molecules of an asymmetrical 
dialkyl-m-phenylenediamine, diazotise, boil with water, 
and convert the o-dihydroxy-derivative into a xanthene 
compound and into a dyestufl as previously described. 
•ypyrcmine 0. [L.] was discovered by Bender in 1889 
{D.R.P. 68,966 and 69,003) by condensing dimethyl-w- 
amidophenol wnth formaldehyde, dehydrating, and then 
oxidismg. Its constitution is as follows : 



01 



CH 


(OHa)2^( 


1N(0H3)2 
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It is a crystalline powder whidi is soluble in aloobol and 
water to form a red solution with, a yellowish fluores- 
cence. It dyes silk and tanned cotton pink. On oxidis- 
ing with permanganate it yields a new dyestuff called 
Acridine red B, of which the constitution is unknown. 

Pyronine B is obtained by condensing formaldehyde 
with diethyl-m-amidophenol. 


^ Derivatives of Phenylxanthene. 


In the preparation of the Pyronines, if the formalde- 
hyde is replaced by an aromatic aldehyde, benzaldehyde 
or its substitution derivatives, similar dyestuffs are 
obtained, which are derivatives of phenylxanthene 
(Earb. Bayer, D.B.P. 62,674). These dyestuffs were 
discovered by Heumann and ]^y (Ber., 1889, 22, 3001) 
by heating benzotrichloride with dialkyl-m-amidophenol : 


CA,CCL 4- 2CM 


OH 

=0,H..o/ \o. 

NEj C.H,— n: 


-NRa 

.01 + 2HC1 
-NR, 


These compounds are called Bosamines ; they are 
basic dyestuffs which are more bluish than the Pyronines, 
but are not of practical importance. The most important 
dyestuffs are those which are related to both xanthene 
and phthalophenone, that is to say, to the oompoimd : 
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This compound has been called jivorane, and is formed 
to a small extent together with phenolphthaleln on 
condensing phenol with phthaHo anhydride. Its forma- 
tion is explained by condensation in the oriAo-position 
due to dehydration, thus : 


C = iO + 
C„h/' \o 

0 


< 

S! 

H 


> 


o,lij 

OHi 


CeH 


CeH, 
/ >0 
^0-CeH, 

4 O 


+ 2H«0 


Eluorane is a colourless crystalline substance of 
M.P. 180°. Its solution in sulphuric acid has a green 
fluorescence. 

Dyestuffs are obtained by introducing auxochromes 
into the fluorane nucleus in the jpara-position. They 
may be divided into hydroxy-derivatives or PMhaleina, 
and amido- or alkylamido-derivatives, known as Ehod- 
amines. 

V.- Fhthalelns. 

These are obtained by condensing phthalic anhydride 
with phenols. Whereas phenol yields phenolphthaleSh, 
which is a triphenyhnethane derivative, m-dihydroxy- 
benzenes give dyestuffs which are related to phenyl- 
xanthene, fluorane, and triphenyhnethane. 

Fluorescein was discovered by Baeyer in 1871 by 
heating phthahc anhydride with resorcinol to 200°. For 
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its oonunercial preparation, a mistnre of resorcinol and 
phthalic anhydride is heated in a cast-iron vessel to 
180“ and powdered zinc chloride added, when an ener- 
getic reaction takes place ; the heating is continued 
for ten hours at 190-200°. The mass is dissolved in 
caustic soda, and the dyestuff precipitated by means 
of mineral acid. Bluoresoein forms an orange powder 
which decomposes at about 300°, and dissolves in 
alkalies, giving a solution with a strong green fluor- 
escence ; its sodium salt is called Uranine [B.A.S.F.]. 
Reducing agents convert fluorescein into the colourless 
fluorescine. 

The constitution of fluorescein is given by its mode 
of formation : 


OHi 


C = |0 

0 I 4- j 

C^O I H !< ^ ^ OH 


. I ohI 



Vo 


OH 


OH 


+ 2H„0 


As in the case of phenolphthaleln, its salts have a 
quinonoid constitution ; alkalies cause the hydrolysis 
of the lactone ring, and the oarbinol loses water as 
follows : 
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HO ^ OH 


NaO ^ OH 

\/\/N/^/ 


\/\o/V 

^'^O^ + 2HaOH 

/N — CO 


V 




^OH 

OOONft 


u 


Ha 


°\/\/°\/\-^° 




-COOHa 




+ HbO 


NietzM and Schrdtter {Ber., 1895, 28, 44) have been 
able to ahow that both the isomeric esters exist, one 
senes being coloiired and corresponding to the quinonoid 
formula ; the others colourless, and related to the lactone 
structure. 

Uranine dyes wool yellow from an acid bath, and it 
is used for printing wool. 

Eosine is the tetrabromo-derivative of fluorescein, and 
was discovered by Caro in 1874 at the Badisohe Anilin 
und Sodafabrik, the process being kept secret. Its 
constitution was established by Gnehm and Hofmann, and 
conflrmed by Baeyer {Ann., 1876, 188, 1). It is obtained 
by treating an alcoholic solution of fluorescein with 
bromine, when the tetrabromo-derivative is precipitated 
in a orystaUme form, or by adding an alkaJiTie solution 
of bromine to an alkaline solution of fluorescein and 
sodium chlorate. Eosine is commercial in the form of 



XANTHBNE DYESTUFFS 


189 


its sodium and potassium salts as Soluble Bosines. Their 
constitution has been established by the foUowing 
reactions : on heating with caustic soda, Eosine gives 
dibromoresorcinol and dibromodihydroxybenzoylbenzoic 
acid, which has the foIlo\ving constitution : 



as on dehydrating it yields dibromoxanthopui^urin. 
On the other hand, this dibromodiosybenzoylbenzoic 
acid is converted by heating into Eosine and phthalic 
anhydride. Hence in the form of its salts, Eosine has 
the constitution : 


NaO 

Br 


o 


= 0 
'Sr 


-OOON'a 


Br O Br 

FaO 


Br 


or 


0 


Br 


V 


-OOOITfl 




Eosine contains a carbosyl group which can be 
esterified, the dyestuffs so obtained being of a purer and 
more bluish shade, but their alkaJi salts are insoluble 
in water. These are the Spirit Eosines or Erythrines. 
The ethyl ester is prepared by brominating fluorescein 
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in alcoholic solution and heating under pressure. The 
potassium salt is Spirit Primrose : 

/CeHBra— OK 

c No 

C,h/ '^CaHBr.-O 
COOCgHs 


It is a red dyestufE used for dyeing silk. 

- Erythrosines. These are iodo-derivatives of fluoresceiu, 
and were discovered by Ndlting in 1876 by treating an 
alkaline solution of fluorescein with an alkahne solution 
of iodine. Di-iodo-fluorescein is called Dianthine or 
Orient yellow', the alkali salts of tetra-iodo-fluorescein 
form Soluble Primrose, Erythrosine B, etc. 

By replacing the phthahc anhydride used in the pre- 
paration of fluorescein by its halogen derivatives di- or 
tetra-ohlorphthalio anhydrides, di- or tetra-ohlor-fluor- 
escein is obtained. On treatment with bromine or 
iodine, these compounds 3neld the corresponding Ery- 
thrines or Erythrosines : thus di-chlor-fluoresoein 
yields on bromination Phloanue, of which the methyl 
ester is Cyarhosine • 


.OeHBra— OKa 

c No 

COOOHs 


CI2 


Treatment with iodine yields Bose Bengal. ' Tetra-chlor- 
fluoresceSn gives similar dyestuffs. 

Qalleme is obtained by condensing phthalio anhydride 
with gaUio acid or pyrogaHol ; thus it is a dioxy- 
fluorescein. It is a crystalline powder which dissolves 
in alkalies to form a red solution, due to the proximity 
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of the two hydroxy-groups. Galleine dyes on metallic 
mordants, giving a beautiful violet on chrome mordant. 
It is used in the form of a paste for calico-printing. 
If Galleine is heated with concentrated sulphuric acid 
at 200° it is converted into a new dyestuff, Cc&ruUme, 
the salts of which are green ; this is also a mordant 
dyestuff used in the printing of calico. Coeruleme is a 
derivative of anthracene, being formed as follows : 



Coeruleme 8. is the bisulphite compound. 


fihodamines. 

The name Ehodaminea has been given to the alkyl- 
amido-derivatives of fluorane. Symmetrical and 
asymmetrical Rhodamines are known ; in the latter the 
al^l groups R and R' are different in the two benzene 
nuclei, thus : 

01 



OaH4 — GOOH 
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The symmetrical Bhodamines were obtained by 
Ceresole m 1887 by condensing phthalio anhydride -with, 
dialkyl-w-amidophenols. They can also be prepared by 
converting fluorescein into the diohloro-derivative by 
the action of phosphorus pentaohloride, and acting on 
this compound with dialkylamines. 


HO 


/v' \/\ 


OH 


OjH^OO 


Oil 




01 


C)e®-4 — 0® 


The asymmetrical Bhodamines are produced by flrst 
condensing a molecule of phthalio anhydride with a 
molecule of a dialkyl-m-amidophenol, when a dialkyl- 
amidohydrosybenzoylbenzoio acid is obtained : 


00 




CO 


OH 


00 — < 


OeH/ I 


COOH 


These acids may then be condensed with a further 
molecule of a dialkyl-w-amidophenol different from the 
flrst one used. 

The Bhodamines are basic red dyestuffs of a remark- 
ably pure shade, and with a strong fluorescence. They 
dye wool and silk, and cotton mordanted with tannin. 

JRhodamine B is obtained by condensing phthalio 
anhydride with diethyl-m-amidophenol. It dyes wool 
and Bilk a fluorescent bluish red, and dyes tann^ cotton 
red. 
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’ Violaminea B, B, 2E, 0 are the hydrochlorides of the 
phenyl- or tolyl-diamidofluoranes, obtained by the 
action of aromatic amines, such as aniline, toluidine, 
phenetidine, etc., on fluorescein chloride. Certain of 
these dyestufEs are the sulphonic acids of such products. 
<^'Ani8olines. The Anisolines are the esters of the 
Rhodamines, just as the Erythrines are the esters of 
the Eosines. In 1891, Monnet of Lyons {BvM. 8oc. chim., 
1892, 623) obtained new dyestuffs, to which he gave 
the name Anisolines, by treating the Rhodamine bases 
with alkylogens. This nomenclature led to an erroneous 
conception of the reaction, as it would appear that on 
treatkig Rhodamines with alcoholic potash the pyrone 
ring would be broken and the potassium salt of a di- 
hydroxy-oompound formed, which would be converted 
by the alkylogen into a phenolic ester ; hence the name 
Aniaoline (from anisole) given to these compounds. 


H 


Bemthsen {Ghem-Ztg., 1892, 1966), of the Badische 
Anilm und Sodafabrik, showed that Anisolines could be 
obtained by heating Rhodamines with alcohol and a 
mineral acid, and that the dyestufEs so obtained are 
esters of the Rhodamines. TWe resulted the famous 
lawsuit in London, in 1898 {Mon. aci., 1897, 1898 and 
1899) between the Sooi6t6 chimique des usines du Rh6ne 
and the Badische Anilin und Sodafabrik, which ended 
in the annulling of the two patents. That of Monnet, 
of the Sooi6t6, was annulled because it claimed the 
alkylation of a phenol which did not exist ; that of the 
B.A.S.F. was annulled, due to the insufScient description 
of the process, as experts found that the esterification of 

O.D, N 
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the Rhodamine only proceeds satisfactorily in an iron 
autoclave, being incomplete if the vessel is enamelled or 
silvered. 

The Anisolinea are dyestuffs which are more basic than 
the Rhodamines, and have the property of dyeing cotton 
direct, but give much better results on tannin mordanted 
cotton. 

Rhodamine ZB or Anisoline is the ethyl ester of 
Rhodamine B : 


01 

I 

o 


(0235)2^1 


/\-^\/\ 


N(02H, 


6^2 


0 


— OOOCi^B. 

Rhodamine 6G is the most important of the Aniso- 
linea, being the ethyl eater of the symmetrical diethyl 
Rhodamine which results from the condensation of 
phthahc anhydride with mono-ethyl-7?i-aimdophenol. It 
dyes wool and silk a fluorescent red shade, and dyes 
cotton direct, but better if mordanted with tannin. 

Succindina. These dyestuffs are obtained by con- 
densing succinic anhydride with dialkyl-m-amido- 
phenols. Rhodamine S is the succinein of dimethyl- 
m-amido-phenol 

01 

1 

(OHeljN.OflHg^ ^OeHg N(aH8)2 

I 

OgH^OOOH 

In the same way saccharin (o-benzoio sulphinide) 
yields Sacchareina (Kotschet). 



CHAPTER XVIIl. 
^"ACRIDINE DYESTUFFS. 


The name hydroacridine has been given to the com- 
pound obtained by the loss of a molecule of ammonia 
from a molecule of o-diamidodiphenylmethane by the 
action of heat (I.) : 



Hydroaoridine (I.) and xanthene (11.) are very similar, 
the oxygen atom in xanthene being replaced by the 
divalent NH group to give hydroaoridine, •which on 
oxidation yields, aoridine, a basic yellow substance which 
forms fluorescent solutions ; its constitution has been 
expressed by the formulae (I.) and (11.) : 
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N 




OH 


(ID 


K 


/\<^\/\ 


0 

/X 




(in.) 


Formula (II.), the ort^o-quinonoid structure, is the one 
which agrees best -with the present ideas of the con- 
stitution of coloured substances. Acridine may be 
considered as being derived from diphenylmethane ; but 
there is also a phenylaoridme (HI.) which is related to 
triphenyhnethane. To obtain dyestuffs, auxochromes 
must be introduced into the molecule in pam-position 
to the carbon atom of the methane residue ; the only 
dyestuffs of interest are those which contain amido- or 
alkylamido-groups . 

Prepa/raUon. The Acridine dyestuffs were discovered 
by Bender in 1889. They are obtained by methods 
similar to those used for xanthene derivatives. Formal- 
dehyde is condensed with two molecules of a m-diamine 
or of an asymmetrical dialkyl-w-diamine ; to obtain 
triphenyhnethane derivatives, the formaldehyde is 
replaced by benzaldehyde. 


NH 



NH„ 


im. 


OHbO 


NHn 


\/\/ \/\/ 




+ H„0 
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On heating the o-diamido derivative of diphenyl- 
methane with an acid, it loses ammonia, yielding a 
hydroaoridine which on oxidation gives the dyestuff. 
There are two methods of writing the formulae of 
these dyestuffs, according to whether they are con- 
sidered as para- or orfAo-quinonoid compounds : 


NH, 


im 

/\/ 




= NH ITHg 


/\-^^ \/\ 




OH OH 


The similarity between the properties of the bases of the 
dyestuffs and of acridine itself makes the ori^-quinonoid 
formula the more probable. The commercial products 
are the hydrochlorides of these bases. Asjmmetrioal 
acridines may be obtained by heating symmetrical 
tetramido-derivatives of diphenylmethane with bases, 
such as p-toluidine, or phenols, such as |8-naphtho], a 
molecule of a ?n-diamine being eliminated : 


NHa WHa 








STH, 




NH 

/\/ \/\ 


/V\ 


+ 

MH, 

+ 




OHo 


NH„ 


+ NHg 




OHo 


OH. 


This method may be modified by first acting on a 
molecule of a w-diamine with a molecule of aldehyde. 
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when an intermediate compound is formed, which in 
the case of m-toluylenediamine appears tP be 



On heating with amines or diamines, these inter- 
mediate products give symmetrical or asymmetrical 
Aoridmes. 

Finally, Miohler’s ketone condenses with m-diamines 
to give Awamines, which on heating are converted into 
Acridines. 

^Acridine yellow is the hydrochloride of diamidodi- 
methylaoridme, and is obtained by condensing formalde- 
hyde with m-toluylenediamine and oxidising with ferric 
cMoride the leuoo-oompound produced. It dyes tanned 
cotton yeUow. 

Acridine orange, the hydrochloride of tetramethyl- 
diamido acridine, is obtained by condensing formaldehyde 
with dimethyl-m-phenylenediamine. 

Benzoflavine, the hydrochloride of diamidodimethyl- 
phenylaoridine, is obtained by condensing benzaldehyde 
with two molecules of m-toluylenediamine, and oxidising 
the leuoo-derivative obtained. It gives yellow shades 
on wool, sUk, and tanned cotton. 

Chrysaniline. This is an asymmetrical isomeride of 
B&nzofiavine, and was discovered by Nicholson in 1863 
among the secondary products from the manufacture 
of Magenta by the arsenic acid method. Hofmann 
determined its composition and formula as CboIIi,N 8, 
and later Fischer and Kdmer (Ser., 1884, 17, 203) isolated 
a second base, the lower homologue, CjoHj^N’o, the 
constitution of which was establi^ed by condensing 
o-nitrobenzaldehyde with aniline, reducing the product, 
and oxidising the p-diamido-o-amidotriphenylmethane 
obtained. 
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NHa 




NH, 


OH 

/\ 


NH, 


,/yAyv 


NHg 


0 


Nir^ 


Its formation in the manufaoturo of Magonta may b(i 
explamed hy supposing that on oxidation of a mixture 
of p-toluidine and aniline, the methyl group of the 
jp-toluidine condenses with two molooulos of aniline, 
combination occurring in the ^jara-position with one and 
in the oriAo-position with the other molecule. As the 
yield is greater in presence of o-toluidino, the liigher 
homologue containing C 20 , which was the one analysed 
by Hofmann, may be formed. The commercial product 
is actually a mixture of the two dyestuffs, which, in the 
form of their nitrates or hydrochlorides, form Phosj^hiTie, 
which is used for dyeing leather and for printing cotton. 

The Acridines give alkylated derivatives of the type : 


Cl R 

Y 



These substances have been studied by Ullmaun and 
Naef (Rcr., 1900, 33, 2470), and are strongly btiaio dye- 
stuffa which have been called “ acriduiium ” oomiKnmds. 
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ANTHEAOENE DYESTUFFS. 

Antliraoene is a colourless hydrocarbon which yields 
a diketone, anthraquinone, on oxidising with chromic 
acid : 

CH CO 

C.H4<^^^^,H,+S0 = H,0 + C.H.<^ ^0.H4 

Anthraquinone is of a pale yellow colour, and is one 
of the most important chromogens . To obtain dyestuffs, 
it is only necessary to introduce OH, NHj, NRg, etc., 
groups in suitable positions. 

Buntrock (J5er., 1901, 34, 2344) has proposed that the 
Anthraquinone dyestuffs should be divided into three 
classes : 

(1) Those which only contain OH auxo chromes, 
whioh only have pronounced tinctorial properties if 
they contain the two OH groups in ori^-position ; 
these dyestuffs only dye on mordants. 

(2) Those containing both OH and NH^, or NRj, 
groups, whioh dye both on mordanted and unmordanted 
animal fibres, and in which the OH group need not be in 
oriAo-position. 

(3) Those which only contain NH^ or NR^ auxo- 
ohromes and do not dye on mordants. 

The dyestuffs derived from anthracene will here be 
discussed in the following order : 

I. The hydroxy-dyestufe, or oTyyanthroquinonea. 
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n. The anudo-dyestufFs, or a/midoanthraguinones, and 
their derivatives. 

III. The dyestuffs which contain a further chrozuogen 
other than anthraquiuone. 


^ I. Oxyanthraquinones. 

The hydroxy-derivatives of anthraquinone dissolve in 
alkalies to form violet or blue solutions. Their use 
in dyeing depends on their property of forming insoluble 
lakes with metallic hydroxides. This property is not, 
however, common to all the oxyanthraquinones. Of the 
two isomeric mono-oxyanthraquinones, the one in which 
the OH group is near to the chromophore (CO) has to 
some extent the property of dyeing on metaUio mordants. 
The introduction of a second OH group in oriAo-position 
to the first one increases the affinity for mordants, this 
affinity being greatest when, the two OH groups being 
in oriAo-position to one another, one of them is near to 
the chromophore (CO). This is the case in Alizarin, 
1 : 2-dioxyanthraquinone (the carbon atoms of anthra- 
cene are numbered from I to 10 as shown) : 



At one time it was considered possible to generalise 
by stating that, for a polyoxyanthraquinone to be a 
useful mordant dyestuff, it must contain at least two 
OH groups in orf^-position, of which one should be 
adjacent to the CO group, this being known as the rule 
of Liebermann and Kostanecki. It has since been 
recognised that this is somewhat too general, as anthra- 
quinone derivatives are now known which are mordant 
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dyeatufEs, but do not fulfil these conditions. Thus by 
iatroducmg a hydroxyl group and a carboxyl, nitroso, 
quinone, or oxime group, or two oxime groups, in ortho- 
position into a ohromogen, the resulting compound is 
a pronounced mordant dyestuff. Nblting has also 
shown {Chem.-Ztg., 1910, 977) that the introduction of 
a hydroxy- and an amido-group in ortho- or ^pa/rcb- 
position has the same effect (see p. 218) ; this is pro- 
nounced in the case of the Anthraquinone series, but is 
not so evident in the other series. 

The rule of Liebermarm and Kostaneoki shows that, 
of the tri-, tetra-, or poly-oxyanthraquinones, the only 
ones of practical interest are the oxyalizarins, the 
mono-oxyanthraquiuones being of no interest in dyeing. 


Dioxyanthraquinonea, 


All the ten dioxyanthraquinones predicted by theory 
have been prepared ; they have the following names : 

1 : 2 dioxyanthraquinone Alizarin/^ 

Purpuroxanthin . 
Quinizarin..-^ 

Anthrarufin. 

Recently prepared byPro- 
benius and Hepp (Per., 
1907, 40 , 1048). 
w-Dioxyanthraquinone . 
Chrysazin. 

Histazarin. 

Anthraflavic acid. 
Isoanthraflavic acid. 


Of these, the most important are : Alizarin, which 
is itself a dyestuff, and the three dioxyanthraquinones 
which have the OH groups near to the ohromophore : 
Quinizarm, Anthrarufin, and Chrysazin, which are used* 
for the preparation of other dyestuffs. 
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Alizarin. 


00 OH 



GO 


Alizario. is a dyestuff -wliioh is present in tJie roots 
of plants of the madder-family, mainly in the ruhia 
tincixyrvm L or madder, in which it occurs as the glucoside, 
ruberythric acid, together with the trioxyanthraqumone 
Purpurin. 

According to Pliny, madder was used in the ancient 
civilisations. During the reign of Charlemagne, the 
cultivation of the madder was much encourag^, but it 
disappeared completely in the following years. It was 
taken up again in the sixteenth century in Holland and 
in Saxony about the year 1607, and again in France 
in 1729, where it was mainly carried on in Alsace, and 
then under Louis XVI. in Provence. With the Revolu- 
tion and the Empire, the use of madder gradually 
decreased until the time of Louis-Philippe, when its 
culture was increased in consequence of its use for 
dyeing mibtary materials. This prosperity continued 
until the synthetic manufacture of Alizarin completely 
replaced the cultivation of the madder plant. Although 
it is still used for dyeing military matenals, synthetic 
Aliz arin has almost entirely replac^ the natural product. 

Constitution of Alizarin. Alizarm and Purpurin were 
first extracted from madder-root by Robiquet and 
Colin in 1826. The constitution and even the exact 
composition of these products remained unknown for a 
very long time. This was partly due to the difficulty 
of obtaining them in the pure state, and partly to the 
inexact atomic weights which were then known. It was 
for these reasons that Robiquet, who published exact 
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analyses of Alizarin in 1836, having found : C, 70-09 per 
cent., H, 3*73 per cent. ; (theoretical for C 14 H 8 O 4 : 0, 70-00 
per cent., H, 3-33 per cent.), deduced an incorrect formula, 
C 87 H 24 O 10 . which corresponds to C 3 ,H 480 io with the 
present atomic weights. Other formulae proposed were : 
CaoHiflOg (Sohiel), CaoHaoOg (Debus), Ci 4 Hi 804 (Sohunck 
in 1848). From this time confusion was caused by the 
fact that Sohunck obtained by the oxidation of Alizarin 
an acid which he called alizaric acid, and which ( 3 erhardt 
in 1849 considered to be identical with phthalio acid, 
which Laurent had obtained by oxidising naphthalene. 
This view was confirmed by WolfE and Streoker in 1860, 
and from that time Alizarin was considered to be a 
derivative of naphthalene, the formula C-ioHeOg being 
assigned to it until 1868. These ideas led Itoussin to the 
discovery of Naphthazarin, in 1861, by heating 1 : 6 
and 1 : 8 dinitronaphthalene with sulphuric acid and 
zinc, the me cha n ism of the reaction being explained 
later by Zinoke and Schmidt {Ann., 1896, 286, 27). This 
substance is a 1 : 2 dioxynaphthaquinone of the following 
formula : 

o 


II os 



0 


At about the same time that Roussin discovered 
Naphthazarin, Graebe and Idebermann were studying 
the quinones and their hydroxy-derivatives ; they 
found a great similarity between these compounds 
and Alizarin and Purpurin. By applying to the latter 
compounds the method of distiUmg with zinc powder, 
which gives the hydrocarbon, a method which Baeyer 
had just used with success in other oases, Graebe and 
Tiebermann (Ber., 1868, 1 , 49) obtained anthracene 
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Alizarin and Purpurin were hence derivatives of 
anthracene, probably being dioxy- and trioxy-anthra- 
quinones : 

C„H,(0H),{g> and C„H,(OH),{g> 

This deduction received a striking confirmation by 
the synthesis of Alizarin, carried out by Graebe and 
Liebermann on January 11th, 1869, by heating di- 
bromoanthraquinone with caustic potash. This was the 
first synthesis of a naturally occurring dyestufE. De 
Lalande having shown that the oxidation of Alizarin 
gives Purpurin and then phthalic acid, it followed that 
the hydroxyl groups must be present in only one of 
the rings of anthraquinone, which according to Zincke 
and Fittig has a symmetrical constitution, and their 
constitutions become : 

CO CO 

C»h/ \c.H,{OH), and C.h/ 

Alizarin. Purpurin. 

The positions of the OH groups were determined by 
Baeyer and Caro (1874-6), as follows : the condensation 
of phthaHc anhydride with pyrocatechol in presence of 
sulphuric acid yields Alizarin, and hence the two 
hy^oxyl groups are in oriAo-position to one another. 
Two formulae are then possible : 


00 OH 

00 



yyy 

Yoh 



JoH 

< 

o< 

< 

00 

(H.) 


On the other hand, if hydroqumone is condensed 
with phthalic anhydride under the same conditions, an 
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isomer of Alizarin is obtained, Quinizarin, in which the 
hydroxyl groups must be in ^jora-position to one another ; 


CO OH 00 OH 



00 OH OO OH 


Quinizarin. Pnrpuriu. 

Careful oxidation of Quinizarin gives Purpurin, 
which must therefore be 1:2:4 trioxyanthraquinone. 
As Alizarin also gives Purpurin on oxidation, it must 
have in it two OH groups in 1 : 2 positions and not 2:3. 
Hence Alizarin is 1:2 dioxyanthraqqinone and has 
formula (I.) on p. 206. 

Manufadure of Ahzarin. The commercial applica- 
tion of Graebe and Liebermann’s synthesis encountered 
great practical difficulties ; at that time anthracene was 
still a rare product, and its conversion into dibromo- 
anthraquinone was expensive. Caro, at the Badisohe 
Anilin und Sodafabrik (who used the method), found 
that anthraquinone may be converted under certain 
conditions into the sulphonio acid and this latter into 
Alizarin. This discovery was patented in England on 
the 2dth of June, 1869. On the following day, Perkin 
applied for a provisional patent for an identic^ process 
yMoh he had discovered independently. The two in- 
vestigators then collaborated with the B.A.S.F. 

The commercial manufacture includes three processes : 
oxidation of the anthracene to anthraquinone, sul- 
phonation of this product, and then alkaline fusion of 
the sulphonio acid. The anthraquinone is prepared 
by oxidising anthracene with potassium or sodium 
dichromate and sulphuric acid. After being purified 
as ^eady described (p. 17), the anthracene must be 
sublimed. This is carried out by heating in a hori- 
zontal vessel connected with a condensing apparatus, 
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the anthraoene vapours being oarried forward by a 
current of superheated steam at 220-240°. The con- 
densation is efeoted in an. apparatus in which is a 
spray of water which precipitates the anthracene in 
small crystals. These are dried and then sieved to 
separate the fused particles which are rich in phen- 
anthrene. The anthracene content of this product is 
determined and the amount of oxidising agent necessary 
is calculated. The dilute solution of sodium or potassium 
dichromate (100 to 160 kilograms in 1,600 litres of water) 
is placed in a lead-lined wooden vat fitted with a stirfer, 
and brought to the boil by passing m steam. 100 
kilograms of the finely divided anthraoene is then added, 
and the corresponding amount of dilute sulphuric acid 
(62° Tw.) then run in slowly over a period of nine to ten 
hours . The heat evolved by the reaction keeps the mass 
at the boil, and when aU the acid has been added it is 
kept boiling for a short time and then allowed to cool. 
The crude anthraquinone which is precipitated, is 
separated by a filter press, washed, and then purified. 
For this purpose it is dried, two to three parts of 
sulphuric acid (168° Tw.) added, and the whole heated 
in a cast-iron vessel to 80° until the anthraquinone is 
completely dissolved. The liquid is then heated to 
110° until a sample poured into water gives a pure white 
precipitate. All the impurities will then have been 
converted into sulphonic acids, the anthraquinone being 
unchanged. The liquid is allowed to cool, and then 
poured into twenty times its weight of water, the resulting 
liquid boiled and the anthraquinone separated and dried. 
It will then contain about 90 per cent, of anthraquinone, 
and may be further purified to a 98 per cent, content 
by boiling with a solution of sodium carbonate, and 
subliming. The yield is 96-98 per cent, of the 
theoretical. 

Sulphonation of Anthflraquinone. On heating anthra- 
quinone to a high temperature (260-260°) with con- 
centrated sulphuric acid, a mixture of the mono- and 
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di-sulptoiiio aoids is produced. Since the commencement 
of the manufacture of artificial Alizarin in 1871, it has 
been noticed that in order to obtain a bluish shade of 
Alizarin it is necessary to commence "with the mono- 
sulphonio acid, whereas the use of anthraquinone di- 
sulphonio acid yields a yellowish Alizarin, which contains 
trioxyanthraquinone, and is of less value. Sulphonation 
with ordinary acid was then replaced by sulphonation 
with fuming sulphuric acid, which permits of the process 
being carried out at a lower temperature. The following 
conditions are those which obtain in practice : one part 
of 96 per cent, anthraquinone is heat^ with one part of 
fuming sulphuric acid (containing 46 per cent, of SO 3 ) 
for one hour at 160-170°, and then the mass is allowed 
to run in a thin stream into boihng water. Under 
these conditions about 20-26 per cent, of the anthra- 
quinone remains unchanged, and, as it is insoluble, 
may be separated by filtration, leaving a solution 
containing a mixture of the mono- and di-sulphonic 
aoids. The polution is neutralised by means of caustic 
soda, and, on cooling, the hydrated sodium salt of 
anthraquinone ^S-monosulphonic acid is precipitated in 
glistening plates known as “ silver salt.” 


00 



00 


On concentration the mother liquors yield a further 
amount of a leas pure sample of the salt, but if the con- 
centration is oatTried further sodium sulphate separates j 
finally, by evaporating to dryness the solution freed 
from this salt, a mixture of the sodium salts of the a- and 
^-disulphonic aoids is obtained. These disulphonio acids 
are obtained free from the mono-acid by sulphonating 
an^aqi^one with two or three parts of the fuming 
acid until all the anthraquinone has been converted. 
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Alkaline Fusion of “ Silver Salt.” The sodium salt 
of anthraquinone monosulphonio acid yields Alizarm 
on fusing with caustic potash or caustic soda. In the 
same way the anthraquinone disulphonio acids yield 
triosyaniJiraquinones (Purpurin, etc.). The number of 
hydroxy-groups which may be mtroduced in this manner 
is equal to the number of sulphonio acid groups pZ-jw 
1, whereas in the case of the benzene and naphthalene 
sulphonio acids, alkaline fusion replaces the sulphonic 
acid groups by an equal number of hydroxy-groups. 
This further hydroxy-group is produced by oxidation : 

Ci^H^OaSOgNa -H SNaOH 4- 0^ 

“ Silver salt.” 

= 0i4HeO2(ONa)a + NajSO^ + 2HaO. 

Sodium salt of Alizarin. 

This fusion was originally carried out in shallow cast- 
iron vessels with a large surface, fitted with a mechanical 
stirrer, and heated to 200-280°. Under these conditions 
an oxidation occurs partly by the oxygen of the air 
and partly at the expense of the organic material itself. 
To avoid the latter, which results in a smaller yield, 
Koch has recommended the addition of sodium chlorate 
to the melt. The process is very long, lasting several 
days, and only gives a yield of 30-40 per cent, of the 
theoretical. This process has hence been modified : the 
mixture of “ silver salt ” and alkali is first melted in 
iron vessels and the mass spread out in a thin layer 
on iron plates heated in oil stoves. The air passing 
over the plates oxidises the mass completely, and the 
yield is raised to 80 per cent, of the theoretical. Since 
the year 1873, the “ silver salt ” has been heated under 
pressure with caustic soda solution ; as the reaction 
takes place in a closed vessel, potassium chlorate is 
added to yield the necessary oxygen. The operation 
is carried out in wrought-iron vessels furnished with 
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stirrers, and capable of witbstanding great pressure. 
The temperature attained is 160°, and the reaction lasts 
for t-wenty hours (for details, see Diet, de Wiirtz, Suppl., 
p. 100, and A. G. Perkin {Mon. sci., 1897, 498) ). The 
mass is poured into water and the boiling liquid neutra- 
lised by hydrochloric acid or dilute sulphuric acid. 
Alizarin is precipitated, and is separated and washed. 
It comes into the market in the form of a 20 per cent, 
paste, or for export in 40 to 60 per cent, pastes to 
reduce the cost of transport. 

Properties. Alizarin is almost insoluble in cold water ; 
it crystallises from dilute alcohol in yeUow plates of 
M.P. 289-290° It is used in dyeing and printing to 
obtain shades which are fast to washing and to light. 
When used on mordanted material, it gives the foUow- 
iog shades : With aluminium hydroxide, bluish red ; 
with chromium hydroxide, reddish brown ; with ferric 
hydroxide, deep violet ; and with stannic hydroxide, 
violet. Liechti and Suida, laebermann, Guggiari (JBer., 
1912, .46, 2442) and others, have shown that the composi- 
tion of these lakes approaches those of the normal salts. 
On the other hand, Biltz, Haller {Farb.-Ztg., 1912, 489, 
523) and 'others, are of the opinion that lake-formation 
is a phenomenon of a colloidal character. 

According to the purity of the Alizarin, the red 
obtained with alumina is more or less yellow ; the 
production of blue shades of Alizarin is due to the use 
of pure Alizarin or admixture with a little Purpurin ; 
yellowish shades of Alizarin consist mainly of Isopur- 
purin and Flavopurpurin. 

The leuco-compounds of Alizarin and of its derivatives 
which only contain one oxygen atom in the nucleus, for 
example : ^ qjj 

axe mordant dyestufEs, which give fast shades with wool 
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and cotton on chrome mordant, and on wool by the 
after^ohrome method (Bayer Co., E P. 27,028 (1909)). 

On treatment with fuming sulphuric acid at 140°, 
Alizarin gives a sulphonio acid, the sodiiun salt of which 
forms Aliza/rin S’, used for dyeing wool on alumina or 
chropie mordant. 

There should eadst 6 nitroalizarins, of which three 
are known ; the most important are a- and |8-nitro- 
alizarin : 

OO OH 00 OH 



a-Nitroalizarin is obtained by nitrating diacetyl- 
aUzarin or benzoylaJizarin, or by nitrating Alizarin itself 
in sulphuric acid solution It crystallises in needles 
of M.P. 194-196°. 

^ ^-NitroaUza/rin is the most important. It is prepared 
by treating solid Alizarin with nitrous fumes, or by 
passing these fumes into a solution of Alizarin in nitro- 
benzene, petroleum ether, ether, etc. Alizarin may 
also be nitrated in glacial acetic acid solution (Rosen- 
stiehl, Oompt. rend., 1876, 82, 1466 ; 88, 73 ; Schunck 
and Bomer, B&r., 1879, 12, 681). ^-NitroaJizarin forms 
orange needles of m.p. 244°. It comes on the market 
in the form of a 20 per cent, paste under the name of 
Alizarin orange, and is used on alumina or chrome 
mordant, with which it gives orange and brown shades 
respectively. It is also used for the manufacture of 
Aliza/rin blue. 


Isomers of AUzwrin. 

■' Quinizarin, or 1 : 4 dioxyanthraquinone, ig obtained 
by condensing phthalic anhydride with hydroquinone by 
means of sulphuric acid, or by heating anthraquinone 
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with concentrated sulphuric acid in presence of boric 
acid or sodium nitrite. It crystallises from alcohol in 
red needles. 

Anthrarufin, or 1 : 6 dioxyanthraciuinone, is obtained 
by condensing two molecules of m-oxybenzoio acid in 
sulphuric acid solution, or by treating anthraquinone 
or erythroanthraqumone with fuming sulphuric acid, 
containing 76-96 per cent. SOg, in presence of boric acid. 
Finally, it may be obtained by heating anthraquinone 
1 ; 6-di^phonio acid with milk of lime under pressure 
(Hdchst Farbwerke, D R.P. 106,606). 

Chrysazin, or 1 : 8-dioxyanthraquinone, is prepared 
by heating the corresponding 1 : 8-disulphonio acid 
under pressure with lime. 


Trioocyanthraquinones. 

The most important trioxyanthraquinones are those 
which have two hydroxyl-groups in ori^o-position to 
one another, one being adjacent to the CO, that is to say, 
the oxyaHzarins, of which there are six : 


Anth/ragallol, 

Purpurin, 

Oxyanthrarufin, 

Flavopv/rpurin, 

Isopurpunn, 

Oxychrysazin, 


1:2: 3-trioxyanthraquinone. 
1:2:4- 
1 : 2 : 6 - 
1 : 2 : 6 - 
1:2:7- 
1 : 2 : 8 - 


Anthragallol is obtained by condensing benzoic acid 
and gaUic acid in molecular proportions in sulphuric 
acid solution. AnthragaUol is present together with 
rufigaUio acid in Anthracene broivn, which gives brown 
shades on alumina or chrome mordant. 

Purpurin was found to be present with Alizarin in 
the madder-root in 1826. Lalande prepared it syn- 
thetically by oxidising Alizarin with arsenic acid, or 
with manganese dioxide and sulphuric acid. It forms 
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orange needles of m.p. 263°. Purpurin dissolves in a 
boiling solution of alum, forming a yellowish red fluores- 
cent liquid. By this reaction, natural Alizarin extracted 
from madder, which contains Purpurin, may be dis- 
tiuguished from synthetic Alizarin. Purpurin gives 
scarlet shades on alumina mordant. 

Oxyanthrarufin is obtained by the action of fuming 
sulphuric acid on Alizarin in presence of boric acid. 

Flavopurpurin is prepared by the alkaline fusion of 
anthraquinone disulphonic acid in a closed vessel in 
presence of potassium chlorate. It is commercial in the 
form of a 20 per cent, paste, and gives a yellowish red 
shade on alumina mordant and a violet red on iron 
mordant ; it is called AUzarin GI, JRG, SDG, X, etc. 

Isopurpunn is obtained by the alkaline fusion of 
anthraquinone-2 : 7-disulphonio acid. It is also called 
Anth/rapurpurin, or oxyisoanthraflavic acid, and gives 
scarlet sh^es on alumina mordant. 


Polyoxyanth/raquinones. 

The polyoxyanthraqumones are obtained by oxidising 
the di- or tri-oxyanthraquinones. This oxidation may 
be carried out by means of manganese dioxide in sul- 
phuric acid solution, or by sulphuric anhydride. The 
latter process has become of considerable importance, 
tetra- and penta-oxyanthraquinones, etc., being readily 
obtained by its use. The oxidising action of SO 3 had 
already been employed by Bohn {Ber., 1890, 28, 3739) 
in the case of Alizarm blue, and was extended by Graebe 
and Phillips (Ann., 1893, 276, 21), and Gattermann and 
Schmidt (J. prakt. Chem., 1891, 43, 237, 246 ; 1892, 44, 
103) to the hydroxy-derivatives. This oxidation with 
fuming sulphuric acid commences even at 60°, whereas 
ordinary sulphuric acid requires higher temperatures 
(200°), at which secondary reactions occur. By this 
process two hydroxyl groups can generally be intro- 
duced in jpora-position to one another. The oxidising 
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action of sulplmrio anhydride may be represented by 
the foUowmg equation : 


R<2 +2SO3 = B<o 3 +280, 

but actually the reaction is more complicated , neutral 
sulphuric esters are formed which are convert.ed by the 
action of alkalies and acids into acid esters and then into 
diphenols : 


R<^>SO, 


T. .OSOsH 


R< 


OH 

OH 


It has further been found that the presence of boric 
acid aids this reaction considerably, and it may then be 
effected even by means of concentrated sulphuric acid. 
By this last process, anthraquinone may be converted 
directly into Quinizarin. 

Alizarin bordeaux, or 1:2:6: 8-tetraoxyanthra- 
quinone, is obtained by heatmg Alizarin with fuming 
sulphuric acid containing 70 per cent of SO3, and then 
saponifying the sulphuric ester formed : 


00 OH 



00 


OH 00 OH 



OH 00 


It dyes wool mordanted with alumina a claret shade, 
and gives dark violet shades on chrome mordanted wool. 

AUzarin V%ridine DG or FF [By.] is obtained by 
heating Alizarin bordeaux with p-toluidine and sub 
phonatmg the product ; it has the following oonstitutioti : 
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soi>°«==-’™ “ OH 

00 

In presence of a large excess of chxoraiuin acetate, 
green shades af e obtained which are exceedingly fast to 
washing (Hannay, Joimi. Soc. Dy&rs and Col, 1913, 36). 
’■‘^AUzctHn Cyanine, 1 : 2 . 4 : 6 : S-pentaoxyanthraquinone, 
is related to Alizcmn bordeaux in the same manner that 
Purpwrin is related to Alizarin. It is obtained by 
oxidising this dyestuff with manganese dioxide and 
sulphuric acid. It dyes wool mordanted with alumina 
a blue shade. 

The other pentaoxyanthraquinones are prepared by 
oxidising trioxyanthraquinones with SOg. 

BufigaUic acid, 1 : 2 : 3 • 6 : 6 : 7-hexaoxyaathra- 
quinone, was obtained by Robiquet in 1836 by heating 
gallic acid with sulphuric acid. It gives brown shades 
on chrome mordanted material. 

Anthracene blue, 1 : 3 : 4 : 6 : 7 ; 8-hexaoxyanthra- 
quinone, is obtained by heating 1 : 6-dinitroanthra- 
quinone with fuming sulphuric acid, containing 40 per 
cent . of SO a, with or without a reduoing agent . Sulphurio 
esters are first formed and are then hydrolysed. It is 
commercial in the form of a paste, and dyes chrome 
mordanted material blue. Its sulphonio aoids form the 
Alizarin Acid blues BB and QB [M.L.B.]. 

Octaoxyomthraguinone has recently been prepared by 
Georgievios {Monatah. f. Ohem., 1911, 32, 347) by oxidis- 
ing KufigaUol with sulphurio acid in presence of boric 
acid and mercury. 

I 

'^II. Amido- and Hydroxyamido-Dyestuffs. 

If polyoxyanthraquinones are heated with ammonia 
under pressure, new dyestuffs are obtamed in which a 
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certain number of the NHa groups are substituted for 
hydroxyl groups. The amido- and alkyl- or aryl-amido- 
derivatives of anthraquinone are very valuable dye- 
stuffs, being used in the form of their sulphonic acids. 
These dyestujBEs generally have the amido-groups in 
a-position, that is, adjacent to the ketonic group. Their 
sulphonic acids are acid dyestuffs for wool which dye 
from an acid bath ; they yield very bright shades, similar 
to those of the triphenylmethane dyestuffs, but differing 
from these in their great fastness to light, a property 
which is characteristic of the anthracene derivatives. 


- Armdo(mt}iraA;iuinone arid its Derivatives. 

The most important of these dyestuffs are those which 
contain one or two NHE> groups, where R represents 
a sulphonated aromatic nucleus. They are obtained 
by heating disubstituted derivatives of anthraquinone 
with aromatic amines ; these derivatives may be 
dibrom-, diohlor-, dinitro- or dihydroxy-anthraquinones, 
or anthraquinone disulphonic acids, or their reduction 
products, or mixed derivatives such as the bromonitro-, 
hydroxynitro-, etc., compounds. Thus on boilmg 
Quinizarin or leuco-Quioizarin with j»-toluidine, with 
or without the addition of boric acid, the following 
reaction occurs : 


00 OH 



00 OH 


OO HH — OeH^ — CHa 



00 NH — OgH^ — CDEg 


+ 2HaO 
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In order to render this product soluble, it is sul- 
phonated, when the sulphonio acid groups enter the 
toluidine nucleus, giving Alizarin Cyanine green. ' 

By using a 1 : 6-disubstituted anthraquinone, the 
isomer, Anthraquinone violet^ is produced : 



The reaction may also be made to take place in such 
a manner as to introduce two different amine residues 
in turn ; thus one may be aromatic, the other aliphatic, 
as in Alizarin Aatrol : ‘ 



00 NH— OHa 


The constitution of these dyestufEs has been established 
by Friedlander and Schick {Zeitsch. Farben- u. TextiU 
Chemie, 1902, 2, 429 ; 1903, 8, 218). 

. HydroxyarnidoaTUhraquiriones and their Derivatives. 

These compounds may be obtained m several ways : 
by heating hydroxyanthraquinones with ammonia under 
pressure ; by partial reduction of the nitro-derivatives ; 
or by carefully heating aromatic amines with a-hydioxy- 
derivatives of anthraquinone. Again in this case the 
sulphonio acids are used as acid dyestufEs for wool. 

The oldest dyestufE known of this series is Ahza/rin 
Soj^hirol, which may be obtained either from Anthrarufin, 
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by sulphonating, nitrating, and then reducing, or 
from 1 : 5-dinitroanthraquinone, by reducing carefully 
in alkalme solution, acidifying, and sulphonating the 
product. It has the following constitution : 



By the action of formaldehyde, AUzarin Celestol is 
obtained. 

If, in the preparation of Alizarin Cyanine green, only 
one group is replaced by p-toluidine, there is obtained 
the arylamido-hydroxy-dyestufE, Alizarin Iruol : ' ' 


00 OH 



00 

Certain of these p-hydroxyamido-dyestuffs also dye 
on metallic mordants (Nolting, Mon. aci., 1911, 640 ; 
Farb.-Ztg., 1911, 22, 174). Thus the Bayer Co. dis- 
covered that dmitrochrysazin : 


OH 00 OH 



NOg 00 NO 2 


gives blue shades on chrome mordanted wool, and it has 
since been shown that it also dyes on mordanted cotton ; 
diamidoohiysazin possesses the same propeorties. 

The hydroxyamido-derivatives give full shades on 
copper mordant (Nolting, Gh&m.-Ztg., 1910, 977). 
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‘ HI Anthraquinone Derivatives containing* a 
* Further Grouping. 

By treating jS-nitroalizarin with glycerol and sul- 
phuric acid, Prudhomme {Bvll. 8oc. ind. de Mvlhouae, 
1877, 28, 62) obtained a substance which crystallised in 
blue needles, dyed chrome mordanted wool, and which 
he called Ahza/rin blue. Graebe {Ber., 1878, 11, 622, 
1646 ; 1879, 12, 1416 ; and 1882, 16, 1783) determined 
its constitution, and showed that it is formed according 
to the following equation : 

C)j^^H7(N02)04 + CgHgOs = C17H9NO4 

The oxygen liberated causes the formation of brown 
secondary products. ‘ Ahzarin him is also obtained by 
heating |8-amidoalizarin with glycerine, sulphuric add, 
and nitrobenzene. In these reactions the glycerine yields 
acrolein, which condenses with the Alizarin derivative, 
giving a dioxyanthraquinolinequinone : 


00 OH 


00 OH 



OH 


This is identical with the reaction which is used for 
the synthesis of quinoline from aniline, glycerine, and 
sulphuric acid (Skraup’s reaction). 

Alizarin blue is more often found in commerce in 
combination with sodium bisulphite as Alizarin blue 8, 
which is used for printing chrome mordanted cotton. 

If the jS-nitroalizarin is replaced by its a-isonjer, a 
green dyestuff is obtained. Alizarin green S [M.L.B.], 
which is used on nickel mordant. 
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In 1890 R. Bohn found that on treating Alizarin blue 
with fuming sulphuric acid containing 70 per cent, 
of anhydride, there were formed successively several 
products. AUzarin blue-green ^ which is the sulphonic 
acid of a trioxyanthraquinolinequinone, is first produced, 
and then this compound is converted by treatment with 
concentrated sulphuric acid at 120° into tetraoxyanthra- 
qmnolinequinone, the bisulphite compound of which is 
AMzarin gre&n 8 [B.A.S.F.] : 


OH SOgHa 
\/ 



By raising the temperature to 200°, another hydroxyl 
group is introduced, giving Alizarin indigo blvs. 

y Vat Dyestuffs derived from Anthracene. 

The name “ vat-dyestuf£s ” has been given to those 
dyestuffs which are insoluble in water, but give soluble 
products on reduction, which may be colour^ or other- 
wise> and which have a distinct ajBSnity for textile 
fibres. For dyeing it is sufficient to allow the material 
to remain in the vat, remove it, and expose to air ; 
the original insoluble substance is again formed inside 
the cells of the fibre, on which it is thus fixed. Indigo 
is a typical vat-dyestuff, and for a long time the vat- 
dyestuffs were limited to Indigo, its derivatives, and the 
Indophenols. Some twelve years ago it was found that 
certain oompoimds derived from anthracene also had 
the property of dyeing vegetable fibres from a vat. The 
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niunber and variety of these new dyestuffs has increased 
in a remarkable manner since 1901, and their commercial 
importance is now very considerable. 

Anthraquinone itself dissolves in alkaline reducing 
agents to give oxanthranol, 


00 ho(oh) 



00 00 


which is soluble in alkahes, forming blood-red solutions 
which oxidise even on exposure to air, regenerating 
anthraquinone. The tinctorial properties of anthra- 
quinone and its simple derivatives are not, as a rule, 
sufficiently pronounced to allow of their use as vat 
dyestuffs. For these it is generally necessary to obtain 
more complex compounds of much higher molecular 
weight, containing, in addition to the ketone groups of 
anthraquinone, mtrogen, sulphur, etc., groups. These 
products may be divided into several classes. Thus 
Bohn divides them into Ihdanthrene, Mavanthrene, 
Benzanthrone, anthraquinoneimides and acylamidoan- 
thraquinones. 


' Indanthrem. 

This was the first of the anthracene vat dyestuffs 
known. It was discovered by E.. Bohn at the Badische 
AtiiIiti und Sodafabrik in 1901 by heating |0-amidoanthra- 
quinone with caustic potash at 200-300° (B.A.S.E., 
I).R.P. 129,845 to 129,848 (1901) ). The mass is dis- 
solved in boiling water, and deposite the dyestuff in the 
crystalline form if the liquid is agitated by a current of 
air. The reaction has been studied by R. Scholl {Ber., 
1903, 36, 3410, 3710), SchoUand Berblinger {Ibid., 3427), 
Scholl, Berblinger and Mansfeld (Ber., 1907, 40 , 320,326), 
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Scholl, Steinkopf and Kabacznik {Ibid., 390), SohoU and 
Berblinger [Ibid., 396), Scholl and StegmtiUer {Ibid., 924), 
and Scholl {Ber., 1907, 40, 933 ; 1908, 41, 2320), and has 
been found to result from the condensation of amido- 
anthraquinone ■wdth liberation of hydrogen 

2Ci4He02N = CasHiANa + 

It has been stated that AUzarin is obtained as a 
bye-product. 

SohoU has shown that Indatdhrene blue BS is 
1.2:1'- 2'-anthraquinoneazme : 


00 



The B.A.S.F. have now adopted “ Indanthrene ” as 
a trade description of aU their anthraqumone vat 
colours 

The action of alkaline reducing agents on Indanthrene 
gives a blue substance, which dyes vegetable fibres blue 
shades which are extremely fast to light and washing, 
but are not resistant to chlorine, such compounds being 
obtamed by introducing halogens into the dyestuff ; for 
example, the monobromo-derivative Indc^hrene blue 
BO, and the dibromo-derivative Indanthrene blue 00 
{B.P., 4036 (1912) ), and the ohloro-derivatives Ind- 
anihrme blue OOD (diohloro-indanthrene, E.P. 23,179 
(1903) ), and CE {D.B.P. 168,042), and Algol blue OF. 

Algol blue 3G is a dihydroxy-indanthrene, and gives 
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bright greenish blue shades (D.i2.P. 193,121). Ind- 
anthrene blue ZO and 20S {D.R-P. 227,790) are probably 
hydroxy-indanthrenes, the former giving bright greeni^ 
bins shades, and the latter ultramarine shades. Algol 
blue K is N-dimethyl-indanthrene [D.R.P. 168,287), 
and is fairly fast. Algol green B is dibromodiamido- 
indanthrene {D.B.P. 193,121) ; it is fast except to 
bleaching. 

JndoMhrene grey B {E.P. 712 (1904) ) is obtained by 
the alkaline fusion of 1 ; 6-diainidoanthraquinone, and 
is exceedingly fast to light and washing. By alkaline 
fusion of the formaldehyde compound of the above 
diamine, there is produced Indanthrene maroon, which 
yields brown, shades, fast to light and washing. 

When the azine constitution of Indanthrene had been 
established, the various methods for the synthesis of 
the azines (see p. 268) were applied to the anthracene 
series. Thus the Bayer Co. {D.B.P. 178,130) have 
obtained a compound isomeric with Indanthrene by 
condensmg Alizarin with o-diamidoanthraquinone. 


00 oo 
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The reaction which occurs on the alkaline fusion of 
yS-amidoanthraquiaone heing one of oxidation, attempts 
were made to carry out the oxidation in aqueous solution. 
/8-Amidoanthraquinone actually gives a mixture of 
Indanthrene and Tlavanthrene (see later) on oxidisiug 
with chromic acid, lead dioxide or nitric acid. 

If iostead of oxidising an amido-derivative, a methyl- 
anthraquinone, such as 2-methylanthTaquinone, is 
oxidised m acid solution hy means of lead dioxide, a 
dyestuff is obtained which, in place of the two 
groups of Indanthrene, contains methylene groups : 


00 00 



This compound is known as Anthraflcmme, and is a 
yeUow dyestuff which is not very fast to light. 


v-' Flamnthrene. 

Tlavanthrene is formed together with Indanthrene 
by the alkaline fusion of j8-amidoanthraquinone on 
raising the temperature to 300®. With hydrosulphite 
this dyestuff gives a blue compound, which oxidises in 
air to give Elavanthrene, which is yellow ; the product 
obtained by the action of zino powder and an alkali is 
brown. The blue compound is dihydroflavanthrene, 
whereas the brown compound is the tetrahydro-deiiva- 
tive. Both yield Tlavanthrene on oxidation. 

The constitution of Tlavanthrene has been established 
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by R. ScboU, the reaction which occurs on alkaline fusion 
resulting in the elimination of water, as follows : 

20i4H90aN = CaaHiaOaNa + 2 H 2 O + Hg. 

It would appear probable that this is due to the 
condensation of amido -groups with ketonic groups : 


00 



In order to prove this formula, Scholl has synthesised 
Elavanthrene as follows : jS-methylanthracene is con- 
verted by oxidation into ^-methylanthraquiuone, which 
is nitrated, the product being reused, the amido -com- 
pound diazotised, and the diazo-oompound decomposed 
by means of cuprous chloride. The chloro-derivative so 
obtained is treated with powdered copper, when it loses 
its chlorine and gives 2 : 2'-dimethyldianthraquinonyl : 


GO 



GO 


o.u. 


1 * 
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On oxidising, the methyl groups of this compound are 
converted mto carboxyl groups, and the product so 
obtamed, on treatment with phosphorus pentaohloride, 
ammonia, and then sodium hypobromite, yields 
diamidodianthxaquinonyl, which is easily converted into 
Plavanthrene by dehydratmg agents : 


00 00 



Plavanthrene is commercial under the name Imd- 
anihrene, yellow {E.P. 24,364 (1901) ). 

In the course of this research, Scholl found that 
dimethyldianthxaquinonyl (I.) can itself be dehydrated, 
giving a new product, pyramthrone, which has the con- 
stitution : 


00 
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it dyes vegetable fibres from a vat yellowish orange 
shades (Scholl, J?er., 1911, 44, 1448), and comes into 
commerce as iTidanthrene golden orange 0. It is very 
fast to light and bleaching. Its halogenated derivatives 
are known as Indanthrem golden orange R and Indan- 
threne accvrlet G, the latter beiog probably a dibromo- 
dorivative, produced by bromination in the presence of 
nitrobenzene. 


• Benzanthrone. 

In a research on Prudhomme’s reaction, Bally {Ber., 
1906, 88, 194) noticed that on heating ^-amidoanthra- 
quinone with glycerine and sulphuric acid, it is converted 
into benzanthrone quinoline (I.), and under the same 
conditions anthraquinone and oxanthranol react to give 
benzanthrone (II.) : 




(ii.) 


.\ 


When benzanthrone quinoline is fused with \ caustic 
alkali, a vat blue is obtained, CycmtTvrene^ whilst uh ier the 
same conditions two molecules of benzanthrone condense 
to give a violet dyestufi, Violcmthrene BSf or Indanthrene 
dark blue BO [E.P. 16,638 (1904), 22,619 (1906) ). This 
dyestufi gives reddish violet shades on cotton, which 
ore tum^ blue by washing. IndanOvrene violet RT is 
a halogen derivative, and is an extremely fast dyestuff. 
IndmtJmne green is a nitro-derivative. 
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SohoU and Maaisfeld {Ber., 1910, 48, 1734) have 
recently described the mesobenzdianthrone which is formed 
by the reduction of dianthraquinonyl by means of copper 
and sulphuric acid : 



Dianthraquinonyl itself is obtained by treating anthra- 
quinone a-sulphonic acid with ammonia, converting the 
amidoanthraquinone produced into an iodo-derivative 
by diazotising and the Sandmeyer reaction, and treating 
this product with powdered copper. 

On heating mesobenzdianthrone with aluminium 
chloride, it loses hydrogen and gives mesonapTithoM- 
anthrone : 


oo 
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A7iihraguin(meimide8. 

The dyestuffs of this class were shown by F. Ullmann 
to be formed by the liuldTig up of several molecules of 
anthraquinone by means of NH groups, and are obtained 
by condensing amidoanthraquinones with halogen deri- 
vatives of anthraquinone in presence of small amounts 
of copper salts, generally with the addition of anhyd- 
rous sodium acetate. To this class belong Indanthrem 
red O, obtained by condensing one molecule of 2 : 6- 
dichlor-anthraquinone with two molecules of a-amido- 
anthraquinone {E.P. 4236 (1907) ), Indanthrene bordeaux 
B (B.A.S.F., EP. 10,324 (1907)), and Algol orange R 
{E.P. 24,810 (1908) ), red B {E.P. 13,686 (1907) ), and 
bordeauM 3J5 {E.P. 9219 (1909) ) of the Bayer Oo. 

Algol grey B {E.P. 6382 (1909) ) is obtained by nitratiug 
the trianthramide obtained from 1 : 6-diamidoanthra- 
quinone and two molecules of a-ohloranthraquinone, 
and reducing the product with an alkali sulphide. 

' Acylcmidoanthraqmnones. 

Benzoyl-l-amidoanthraquinone : 

00 NH — 00 — OflHj 



00 


is a vat dyestuff, which dyes cotton rich yellow shades 
(Bayer, B F., 400,663). It is remarkable that such a 
simple compound i^ould have the same properties as the 
much more complex compounds of the above classes. It 
is not, however, an isolated case, as the dibenzoyl-deriva- 
tives of the diamidoanthraquinones, and of the oxy- 
diamidoanthraquinones, and also their suocinyl-deriva- 
tives, and, generally, the acylated derivatives of these 
amines, form vat dyestuffs. The following table of these 
acylamido vat dyestuffs is of a representative character : 
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Algol yellow WQ. 


ft n ^ 

Algol red 5G 

„ R esBtra. 

Algol pink R. 

Algol scarlet 0 

Algol hlue 3i2 

Algol BriUicmt 
molet 2B 

Algol Brilliant 
orange FR. 

Algol BnUiant red 
2B 

Algol Bnlltant 
violet R. 

Algol olive R 


Algol violet B. 

Helvndone yeRow 
ZQN 


E P. 27,078 

(1008) 

E P. 3066 

(1909). 

DRP. 223,232 

E P 6786 

(1909) 

BRP. 226,232 
Do. 


DR.P 226,232. 
Do. 

Do 


D.R P. 226,232, 
228,992. 

D R.P. 226,232 

DR P. 232,739. 


Benzoyl- 1 -amidoanthro- 
qumone. 

Suoomyl-( l-amidoanthro- 
quinone);]. 

Dibenzoyl-l ; 6-diainido- 
anthraquinoue 

DibenzoyI-1 : 4-diamido- 
. anthraquinone. 

DibenzoyI-1 . 6-diamido-8' 
hydroxy anthraqninono . 

Benzoyl-4-ainido-l-hydr- 
ozyauthraquinone . 

Benzoyl- l-aimdo-4-meth- 
oxyontbraquinono . 

Dibenzoyldiauudoanthra- 

ru£n. 

Do. 


Benzoyl-1 : 2 : 4-triaimdo- 
anthraquinorie. 

1 : 6-Dibenzoyl(iianiido-4- 
hydxoxyanthKiqTunone. 

Sucoinyldianudoanthraqui- 

none. 

ChloTSulphonio acid on di- 
benzoyldiamidoanthia- 
qiunone 

Benzoylamido-4 : 6 : 8-tri- 
hydroxyanthraquinone 

Urea derivative of two 
molecules of jS-amido- 
anthraquinone. 


Certain of these aoylated derivatives, suoh as the 
acetyl derivatives of the a-amidoanthraquinones, may 
again be dehydrated to give a new ring, pyridone : 


00 



00 oo 
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This pyridone grouping may also be present in more 
complex molecules, for example, Algol red R is an anthra- 
quinone-imide which contains the pyridone ring . 



Although anthraquinone is a cheap raw material, a 
fact which has led to great activity in the preparation 
of vat dyestuffs deriv^ from it, its use is limited on 
account of the relatively small proportion of the new 
products which have a marked af^ty for the fibre. The 
complex character and high molecular weight of certain 
of these dyestuffs, together with the absence of nitrogen, 
are mteresting features ; thus the empirical formula of 
Irid(mtlvrm& vioUt R, approaches that of a 

hydrocarbon. That such a substance should form a 
soluble leuco-oompound is remarkable, and it has been 
suggested that the leuco-oompound is in colloidal solution. 

The Anthraquinone vat dyestuffs generally require a 
more strongly alkaline vat than the Indigoid dyestuffs, 
and have hence, with few exceptions, been applied exclu- 
sively to the dyeing of cotton. Kann {Fcvrh.-Ztg., 1914, 
26, 73) points out that these vat dyestuffs may be used 
for dyeing wool which has been treated with formalde- 
hyde to render it stable to alkalies. 
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New vat dyestuffs of the Anthraquiuone series have 
been obtained by the action of diazo-anthraquinone on 
certain aromatic amines which are not suitable for 
combining to form normal Azo-dyestuffs, or by the 
action of aromatic diazo-oompounds on amidoanthra- 
quinones (Chem. Fabrik Griesheim-Elektron., E.P. 8422 
(1912) ). These new dyestuffs probably have the 
general formula R^— N =N— NRj — ^Rg, where Rj and 
Rg are aromatic ra^cles, of which one must be of the 
anthraquinone series, and Rg may be H, CHj, or a similar 
radicle. 



CELAPTER XX. 


V qtjinonb-imide dyestuffs. 

Teb qumone-imide derivatives include certain dye- 
stuffs related to quinones. When hydroquinone is 
oxidised, quinone is obtained, but for a long time 
it was not found possible to isolate similar products 
resulting from the oxidation of p-amidophenol or 
p-pbenylenediamine. When this oxidation is carried 
out by means of hypochlorites, quinonechlorimide and 
quinonediohlor-di-imide are obtained respectively : 

0-OeB4=Na C!LN-=CflH4=Na. 

Willstatter {Ber., 1904, 87, 1494 and 4606) has suc- 
ceeded in isolating quinoneimide and quinone-di-imide : 

0=CeH4=NH NH=C6H4=NH. 

Certain dyestuffs may be considered as derived from 
the p-quinoneimides, others as derivatives of the 
o-qumoneimides. The Indammes and the Indo^Jierhola 
are derived from p-quinone. The Oxazvms, the Thia- 
dnes, and the Azines are ori^-quinonoid derivatives. 
This distinction is not generally recognised, certain 
authors considering all these dyestuffs to be p-quinonoid 
derivatives. (Compare Kehrmann, Havass, and Grand- 
mougin, Ber,, 1913, 46, 2131.) 

, (1) Indamines. 

The Indamines were discovered in 1877 by Nietzki, 
who established their constitution. They are produced 
by oxidising an equimoleoular mixture of a p-diamine 
and a jnonamine in cold dilute solution . The conditions 
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which should he fulfilled by these amines are as follows : 
the jp-diamine should have one free NHg group, the other 
may be substituted ; the monamine may be a primary, 
secondary, or tertiary amine, but the para-position to 
the amido-group must be free. For example, the oxida- 
tion of a mixture of asym.-drmethyl-p-phenylenediamme 
and dimethylaniline in acid solution gives an Indamine : 


N 

3 /N 
01 


/\/ 



+ 



1 



+ On 




N(0H3)j 


N 


/\/-\/\ 


(0=3)2^ 




+ 2H«0 


N(0H3)5 


01 

Oxidation eliminates the hydrogen atoms of the NHg 
group of the p-diamine, and also one hydrogen from 
the nucleus of the monamine from the p-position to 
the amido-group. This is established by the reduction 
of the Indamine^, derivatives of p-diamidodiphenyl- 
amine being obtained : 

a.RaN = 0aH4=N— OeH^— NRg + 

= R3N— CeH^— NH— CeH^— NR b h- HG. 

These diphenylamines are leuco-derivatives of the 
Indammes , which are regenerated on oxidation . Finally, 
the fact that monamines in which the pora-position is 
occupied da not give Indamines, proves that combination 
takes place in the para-position. 

Indamines are also obtained by the action of nitroso- 
derivatives of tertiary amines on amines in which the 
para-position is free ; thus nitrosodimethyloniline hydro- 
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chloride condenses with amines in which the para- 
position is free : 


> N =.CeH4=N— OH +0,Hr-NE. 

01 

= ^»>N=0,H4=N-C,H4-NB, + H,0 


il 


The Indamines are highly coloured 'compounds which 
form blue or green salts soluble in water. They are 
very sensitive to the action of acids, which hydrolyse 
them, giving quinone. It is for this reason that the 
Indamines are not used m dyeing, but are mainly used 
as raw materials for the manufacture of the Oxazines, 
the TTvkbzinea, and the Azines. 

>- Ph&rvyUne, blue is the simplest Indamine, being first 
obtained by Nietzki (J5er., 1883, 10, 404) by oxidising a 
solution of a mixture of p-phenylenediamine and aniline 
with potassium dichromate. 

I BindscTiedUr^a green, or tetramethyl-indamine : 


(CH3)2N=CeH4. 

Jl 


,N-CflH,-N(OH3)3 


is obtained by oxidising an equimoleoular mixture of 
dimethyl-jp-phenylenediamine and dimethylaniline (Bind- 
schedler, Ber., 1883, 16, 865), or by first oxidising the 
dimethyl-p-phenylenediamine and treating the inter- 
mediate red compound (“ Wurster’s red ”) obtained, with 
dimethylaniline, Wurster’s red was at first considered 
to be the methyl chloride compound of methylquinone- 


di-imide • 


NHg 

/N/ 


r^=HH 


OHg >^'\/ + O = 

A 

H 01 


/ \ 


OHg 01 
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but recent experiments (WiOlstatter and Piccard, 5er., 
1908, 41, 1468) have shown that Wurster’s red is a 
quinhydrone, that is, the compound of a molecule of the 
quinonoid salt with a molecule of the base. Compounds 
of this type are called “ meri ^’-quinones by WilJstatter, 
the quinonoid salts being called ’’-quinones. 

Witt has prepared tetramethyl-indamine by con- 
densing nitrosodimethylaniline with dimethylamline. 

^ ToVwylene Blue is formed by the oxidation of a mixture 
of a molecule of dimethyl-^?-phenylenediamine and a 
molecule of m-phenylenediamine, or by the action of 
nitrosodimethylaonline hydrochloride on m-phenyleiio- 
diamine ; it has the following constitution : 










CHj 

OH, 




'> N = 

[, 

>OU 






Prepa/ration of Bindschedler’s Qreen. 

A mixture of 13-6 parts of dimethyl-^-phenyleue- 
diamiue and 12 1 parts of dimethylaniline is dissolved in 
400 to 500 parts of water, to which have been added 
20 parts of concentrated hydrochloric acid. This solution 
is cooled by imm ersion in ice, and is oxidised by a solution 
of 20 parts of potassium diohromate and 6 parts of acetic 
^id in 200 parts of water. The dyestufE is immediately 
^ partly precipitated. Sufficient water is 
added to re-dissolve it, the solution is heated to 40-60° 
and zinc chloride added. On cooling, the zmo chloride 
compound of the dyestuff crystalhses out. 
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•>' (2) Indophenols. 

The Indophenols are dyestuffs of which the properties 
and methods of preparation are very similar to those of 
tlie Ihdamines. The first Indophenol was discovered by 
Kloohlin and Witt in 1881 by oaddising an equimoleoular 
mixture of dimethyl-^-phenylenediamine and a-naphthol 
16,916 ; Koohiin, Bvll. Soc. ind. de Mulkouae, 
1882, 632 ; 0. Witt, J. Soc. Chem. Ind , 1882, 266). 

The Indophenols are produced by oxidising a p-di- 
aroine in presence of a phenol or naphthol in which 
the jjora-position is free . As in the case of the Indamines , 
it is necessary that the diamine shall have one amido- 
gronp free, the other may be substituted. The oxida- 
tion is carried out in dilute acetic acid solution by means 
of potassium dichromate, or better in alkaline solution by 
means of hypochlorites, or merely by passing in air, in 
which case the addition of a trace of a copper salt aids 
the oxidation. There are two ways of explaining this 
reaction according to whether the quinonoid structure 
is formed in the amine nucleus, or in that of the phenol : 

(I.) NHg — C! 0 H 4 — ^NHa + C 0 H 5 OH + O 2 
= 2 H 2 O + NH=C 0 H 4 =N— GeH^— OH. 

(H.) NH2-C0H0-NHa + C 0 H 0 OH + 0^ 

= 2H2O + NHg— C0H0— N=C 0 H 0 =O. 

Hence, there are two possible constitutions. As the 
Indophenols have no acid properties, being insoluble 
in alkalies, but, on the other hand, have weak basic 
properties, they cannot be supposed to contain a phenol 
group, but must contain the basic NHg group. Thus the 
simplest Indophenol has the constitution : 

NHs— 0 0 H 4 — N = OflHi = 0 . 

Indophenols are also formed by the action of nitroso- 
dimethylaniline or quinonechlorimides on phenols or 
naphthols. 
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Properties. The Indophenols are very sensitive to the 
action pf acids, by which they are decomposed, giving 
quinones. On reduction, the Indophenols are decolorised, 
giving leuoo-Indophenols, which are soluble in alkali, and 
which regenerate the original substance on oxidation. 
The use of Indophenols in dyeing depends on this 
property. ^ 

ISIHa-CeH^-N = = 0 NHa-CeH^-NH-OaH^-OH. 

0 


Indophenol is the only important dyestuff of this class. 
It is obtained by oxidising an equimoleoular mixture 
of a-naphthol and dimethyl-p-phenylene diamine, its 
constitution being : 





= 0 


It crystallises from benzene in bronze-coloured needles, 
and is hydrolysed by acids, giving a-naphthoquinone, 
which shows that the qmnonoid structure is in the phenol 
nucleus. 

The Indophenols now find no application as dyestuffs, 
and are only used as raw matenals for the preparation 
of Sulphur dyestuffs (p. 307). 


Prepmaiion of IndopTienol. 

144 grm. of a-naphthol are dissolved in 250 ocs. of 
water oontaming 6 grm. of caustic soda, and a solution 
of 13'6 grm. of dimethyl-p-phenylenediamine in 260 cos. 
of water added, the whole being then oxidised by means 
of sodium hypobromite, prepared by slowly pouring 32 
grm. of bromine into a well-cooled solution of 20 grm. 
caustic soda in 160-200 ocs. water; the temperature 
should not rise above 6° C. Under these conditions the 
Indophenol is precipitated ; it is allowed to settle, and 
is then separated, dried, and crystallised from benzene. 
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(3) Thiazines. 

Tlie Thiazines are dyestufis which contain a charac- 
teristic ring containing nitrogen, carbon, and sulphur : 


0 0 

II I 

0 0 

/ \ / \ 

s 


These dyestuffs are related to a sulphur base, thio- 
dipheny] amine, in the same way that the Indamines 
and Indophenols are related to diphenylamine. By 
introducing auxochromes in para-position into di- 
phenylamine leuco-Indamines or leuco-Indophenols are 
obtained, which are converted into dyestuffa by oxidation. 
On melting diphenylamine with sulphur, a new base is 
obtained, thiodiphenylamine : 


NH NH 

/\/ /\/ \/\ 

+ 23 = H-S + 






s 


in which it is only necessary to introduce the auxo- 
chromes NHa, NRa* OH in para-position to the nitrogen 
to obtain leuco-derivatives of the Thiazines. Thus 
p-diamido-thiodiphenylamine : 


NH 

/\/ \/\ 


/\/\ /V\ 

NH„ 9 NH2 
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yields on oxidation in acid solution a violet dyestuff, 
LcmtNa violet. 

Before the quinonoid theory was generally accepted, 
the thiazine ring was considered to be a chromophore. 
Since that time these ideas have been modified, the 
ohromophoric function being attributed to the quinonoid 
structure which is formed on oxidation of the leuoo- 
thiazmes. For a long time this chromophore was 
considered to bepara-quinonoid (I.) ; at the present time 
this grouping is considered to have an orfy^-quinonoid 
structure, the sulphur atom being basic and tetravalent, 

/\/ \/\ 


\ / 
s 


+ O + HOI 


U + HaO 
S NHaOl 


/ \ 


/\/\ /\/\ 

NHo S NHo 


+ 0 + HOI 


iJHa S 


+ H„0 
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This second method of formulation is supported by a 
number of experimental facts which are too long to 
detail in this book (see Kehrmann, Ber., 1899, 82, 2601 ; 
Green, ibid., 3166), and has the advantage of representing 
by similar formulae the Azdnes, the Oxazines, and the 
Thiazines, which have very similar properties. To 
suggest the basicity of the sulphur in these molecules, 
the Thiaziues have been called azthionium derivatives 
(Kehrmann, Ann., 1902, 822, 1 ; 1910, 872, 287). By 
keeping the older method of writing (Formula I.) the 
Thiazines become Indamines or Indophenols in which 
the two benzene nuclei are also linked by a sulphur 
atom. This results in a greater stability of the molecule, 
which is no longer destroyed by acids. The Thiazines 
may be divided into two classes ; the Thiazimes, corre- 
sponding to the Indamines ; the Thiazones, correspond- 
ing to the Indophenols. The Thiaaimes {Amido- 
Thiadnea) are the most important. 

Amido-Thiazines (Thiazimes). 

, ■ Histcmcal. The first Thiazine dyestuff was discovered 
by Lauth {Cornet, rend., 82, 1441 ; Bvll. Soc. chim., 
1876, 422) by a reaction which is named after him, and 
which consists in oxidising p-phenylenediamine in acid 
solution by means of ferric chloride in presence of sul- 
phuretted hydrogen. The product is called Louth’s 
violet or Thionine, and is also formed by oxidising the 
product obtained by the action of sulphur on jp-pheny- 
lenediamine. At about the same time, Caro {Ber., 
1878, 11, 1706) prepared Methylene blue by applying 
Lauth’s reaction to dimethyl-^?-phenylenediamine. Koch 
{Ber., 1879, 12, 692) found that only the 'pora-diamines 
gave Lauth’s reaction, ammonia bemg eliminated. The 
detailed researches of Bemthsen {Ann., 1886, 280, 
73 ; 1889, 261, 1) definitely established the constitution 
of the Thiazines and led to the discovery of new processes 
for their preparation, which were of great theoretical 

O.D. Q 
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and commercial interest. Lauth’s reaction only gives 
small yields, whereas Bemthsen’s method gives excellent 
yields. 

■ Lavth'a violet, or diamidodiphenazthionium chloride. 


/\A/\ 




s 

I 

01 


Two methods of preparation have already been 
outlined: (1) oxidation of p-phenylenediamine with 
fejrio* chloride in presence of sulphuretted hydrogen ; 
(2) feion of p-phenylenediamine with sulphur, and 
oxidation. It is also obtained by oxidising a mixture of 
p-phenylenediamme and aniline in presence of sodium 
thiosulphate. 

Bemthsen has proved its constitution as follows : 
thiodiphenylamine gives on treatment with nitric acid 
a p-dinitro derivative which on reduction yields diamido- 
thiodiphenylamine, which is identical with leuoo- 
thionine The base forms a crystalline powder soluble 
in alcohol to a violet solution. Lauth’s violet, its hydro- 
chloride, crystallises in gliste ning needles. 

M^hyUne blue, or tetramethyldiamidodiphenazth.io- 
nium chloride : 


isr 


(OH8)3Nl^^^l^N(OH3)a 


01 
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■was first obtained by Caro by oxidising dimethyl-jp- 
phenylenediamine with ferric chloride in presence of 
sulphuretted hydrogen. The process patented by the 
B.A.S.F. consists of converting dimethylanihne into its 
nitroso-oompound, and then rednoing this derivative 
■with sulphuretted hydrogen. In this reaction there is 
formed the leuoo-derivative of the dyestuff, together with 
dimethyl-p-phenylenediamine. On addition of ferric 
chloride, the dyestuff is produced, and may be precipitated 
by the addition of oommon salt and zmo chloride. The 
yield is small ; moreover, two molecules of the diamine 
ertter iuto the reaction, ammonia bemg eliminated. This 
process has been replaced by the thiosulphate process 
of Bemthsen (D.iZ.P. 38,673 ; 39,767 ; 46,839 ; 46,806), 
which in addition to giving a better yield, has the 
advantage of replacing one molecule of dimethyl-^i- 
pheuyleuediamine by a molecule of the less expensive 
dimethylamline . According to D.B.P. 46,805 the method 
is as follows : 6 kilograms of dimethylaniUne are con- 
verted into the nitroao-compound, which is then reduced 
by zinc dust. The product is diluted to give about 260 
litres of solution, which are neutralised with caustic soda 
until a permanent opalescence is obtained. Sixteen 
kilograms of aluminium sulphate are then added, and 
after stirring for half an hour, a solution of 13 kilograms 
of sodium thiosulphate is poured into the mixture, which 
is then oxidised by means of 4*8 kilograms potassium 
dichromate dissolved in 76 litres of water. After 
stirring for an hour, the liquid is diluted to 600 litres 
with water, and 6 kilograms of dimethylaniline added 
in the form of its hydrochloride. A saturated 
solution of 14 kilograms of potassium diohromate is 
added fairly quickly at a temperature not exceed- 
ing 10-12° C., and then a solution of 66 kilograms 
zino chloride (142° Tw.) added, and the liquid boiled for 
half an hour. On cooling. Methylene blue orystallises 
out. 

Theory of the Reaction, Bemthsen (Hoc. cit.) has shown 
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that, on osddising with, potassium dichromate in the cold, 
p-diamines in presence of sodium thiosulphate, or better 
in presence of aluminium thiosulphate, form well defined 
crystalline thiosulphonic acids. Thus, in the above 
example, dimethyl-p-phenylenediamine in presence of 
thiosulphate and an oxidising agent gives : 


N(0Ha)a 

/\ 


NHa 


N(0H3)2 

A 


+ HS — SOgH+O = HgO + 


V 


- S - SOgH 




the aluminium thiosulphate, being hydrolysed, acts as 
free thiosulphurio acid and dimethyl-^-phenylenediamine 
thiosulphonic acid is obtained, the constitution of which 
was established by Bemtibsen. By oxidising this acid 
in presence of a further molecule of dimethylaniline an 
Indamine thiosulphonic acid is formed : 


NH, 




/V\ 

(OHalgN S— SO3H 

N 


/N 




+ Os 


N(0H3)5 




+ 2H20 


V\ 

(0H3).3N S N(CH3)2 


so. 


On heating in dilute acid solution, this compound gives 
sulphurous acid, of which one portion is eliminated, 
whilst another portion of the acid converts the dyestuff 
into its leuoo-deiivative. 
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N 




01 

The thiosulphonio acids may be converted into 
mercaptane by reduction : 

and these compounds on oxidising in presence of amines 
first yield meroaptans of the Indamines and then dye- 
stuffs. 

Methylene blue is hence the tetramethyl-derivative 
of lauth’s violet, although it cannot be obtained by 
methylating this compound. Commercial Methylene 
blue is the zinc chloride compound ; 

20iaHi8N3SCl +Znaa +H 2 O. 

It is a basic dyestuff which is much used for dyeing 
cotton mordanted with tannin. The free base can only 
be obtained by treating the hydrochloride with silver 
hydroxide. 

Owing to its high tinctorial power, Methylene blue 
has been used in analytical chemistry for the detection 
and estimation of many reducing and oxidising agents. 
(See Kneoht and Hibbert, K&u) Reduction Mcth^ in 
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Folumeinc Analysis ; also Ataok, J. 8oc. Dyers and 
Col., 1913, 9 ; Analyst, 1913, 99 ; J.C.S., 1913, 1319.) 
It has also been recommended for use in place of starch 
for iodimetrio titrations (Sinnatt, Analyst, 1910, 35, 
309 ; 1912, 262). 

On nitration, Methylene blue gives Methylene green. 
On exposure to air, alkaline solutions of Metiiylene blue 
give a new dyestuff. Methylene azure, which differs from 
the origmal dyestuff by the loss of one of the methyl 
groups. This dyestuff has a greater intensity, and 
dyes redder shades than Methylene blue, and is prepared 
by the B.A.S.F. by oxidising this dyestuff with bi- 
chromate in sulphuric acid solution. The Basle SocidU 
has shown that oxidation with permanganate in alkaline 
solution gives a different result ; in all probability a 
sulphone or sulphoxide is produced. 

' New Methylene blue is obtained from diethyl-o-tolui- 
dine and the Thiocarmines from ethylbenzylajiiline 
sulphonic acid. 


' (4) Oxazines. 

The Oxazines are very similar to the Thiazines, 
differing by the substitution of an oxygen atom for the 
characteristic sulphur atom. In the same manner that 
thiodiphenylamine is considered the parent substance 
of the Thiazines, so the Oxazines may be considered to 
be derived from diyhenoxazine : 

\Ao A/ 

This base is obtained by condensmg o-5iamidophenol 
with pyrocatechol. If auxoohromes are introduced in 
paro-position to the nitrogen, leuco-Oxazines are ob- 
tained, which on oxidising yield dyestuffs. According 
to whether these auxochrojmes are amido- or alkylamido- 
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groups, or hydroxy-groups, these dyestufEs are called 
Oxazvmea or Oxazones. 

The Oxazines are generally obtained from o-hydroxy- 
derivatives of the Indamines or ludophenols, •which are 
readily converted into Oxazine dyestuffs, the preparation 
of which hence involves "that of o-hydroxy-Ihdamines or 
Indophenols, which may be carried out in several ways : 

(1) Nitroso-derivatives of tertiary amines or of phenols 
are condensed -with phenols or naphthols in which the 
^ora-position is occupied ; 

(2) In the above reaction the nitroso derivatives may 
be replaced by the corresponding quinonechlorimides ; 

(3) Nitroso-derivatives of the wi-amidophenols are 
condensed •with amines. 

In these reactions it is necessary to use an excess of 
the nitroso- or quinonoid compound, this being reduced 
by the hydrogen liberated during the reaction. 


' Amido-Oxazines (Oxazimes). 

The simplest dyestuff of this series is the oxygen 
analogue of Lauth’s violet : 

/\A/\ 


This compound is only of theoretical interest, being 
obtained by nitrating phenoxazine, reducing the nitro- 
derivative, and then oxidising the product formed. 

■ Capri blue may be considered to be the higher 
homologue of the tetramethyl-derivative of the above 
compound. It was obtained by Bender in 1890 (Leon- 
hardt & Co., D.B.P. 62,367) by condensing nitroso- 
dimethylaniline with dimethyl-m-amidocresol : 
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NO 


/\/ 


/\/ 


(OHjOaN 


/V 


+ HOI 


HO 


N(aH3)j 


/\^\/\/ 


OHa 


+ H„0 + Ha 


/\/%/\y\ 

(OHg);^ O N(OH3 )j 


Cl 


The methyl group of the oresol derivative causes 
condensation of the phenol group to take place in ortJio- 
position. The hydrogen liberated reduces a molecule 
of the nitroso-compound to dimethyl-^)-phenylene- 
diamine. The commercial product is the zinc chloride 
compound of the dyestufE. It is a basic dyestuff, which 
dyes tanned cotton a greenish blue, and forms glittering 
radish-brown crystals. 

•yNapMJiol blue or Meldola’s blue, was discovered 
by R. Meldola {Ber., 1879, 12, 2066) by condensing 
nitroso-dimethylanihne hydrochloride with /S-naphthol 
in alcoholic solution in presence of zinc chloride : 


NO 
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Preparation. 14 grams of yS-naphthol are dissolved 
in the same ■weight of glacial acetic acid, and heated to 
llO®. 18 6 grams of nitrosodimethylaniline hydro- 
chloride axe then added in small portions, when a 
vigorous reaction occurs. When all the hydrochloride 
has been added, the mass is poured mto water. A tarry 
black mass separates, which is dissolved in boiling 
alcohol ; hydrochloric acid is added to the filtered 
solution, and, on cooling, reddish-bro-wn needles of the 
hydrochloride of the dy^ufE separate. 

The commercial product is the zinc chloride com- 
pound, which crystallises in bronze coloured needles 
and is known as N&w blue R, New Fast Cotton blw, 
NapMhylene blue, Cotton blue B, Fast Marine blue, etc. 
It is used for dyeing cotton mordanted with tannin, 
which it dyes an indigo blue. 

In the above preparation, if jS-naphthol is replaced by 
2 : V-dihydroicynaphthalene, a very pure blue dyestuff 
- knd’wn as Muscarine is obtained, the constitution of 
which is as follows : 


OH 



It forms crystals with a copper reflex. Its &ee base 
is soluble in caustic alkalies, but not in ammonia. 

Nile him is the amido-deiiyative of Meldola’s blue, 
arid was discovered by Reissig at the B.A.S F. in 1888 
{D.B.P. 46,268) by condensing nitrosodimethyl-m- 

amidophenol ■with a-naphthylamine : 
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Nile blue A is the corresponding diethyl-derivative. 
The dyestufE obtained from benzyj.-a-naphthylamine is 
kno'wn as Nile blue 2JB, They are all basic dyestuffs, 
dyeing tanned cotton very pure greenish blue shades. 

Witt has given the name Cycvriamines to dyestuffs 
produced by the action of primary or secondary amines 
on Meldola’s blue. Thus dimethylamine gives with this 
dyestuff a new product, N&w Methylene blue N.G.O. 
(Nietzki and Bossi, Ber., 1892, 26, 3002) : 



01 


Aniline gives the corresponding phenyl derivative. In 
these reactions hydrogen is liberated, and this converts 
the dyestuff into itsleuco-compound. 


i 
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Ozazones. 


The simplest Oxazone • 




0 0 


was obtained by Kehrmann by oxidising diphenoxazine. 
The most important compounds of this class are Reso- 
rufine, or hy^oxydiphenoxazone, and Reaazurine, both 
of which are produced by the aotion of nitric acid con- 
taining nitrous fumes on an ethereal solution of resor- 
cinol, The formation of Resorufine is explained by the 
action of the nitrosoresoroinol on the excess of resorcinol : 


N — OH 




+ 


O OH 

N 


/\/\ 

OH OH 


/\^\/\ 


+ 2H2O 


0 O OH 


It forms small reddish-brown crystals . Its tetrabrom- 
derivative is Flvoreacent blue, which dyes wool and silk 
blue with a red fluorescence. Eesazurme is produced 
by the oxidation of Resorufine. 


■./ Oxazime-Oxazone Dyestuffs. 

The simplest of these compounds is Resomfcmine, 
which is formed by the action of quinonediohlordiimide 
on resorcinol. Its methyl derivative, dimethylresoruf- 
amine, is obtained by condensing nitrosodimethylaniline 
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■with, resorcinol. It is a basic dyestuff which gives a 
very fast blue lake ■with t annin . This lake is produced 
directly on ■the fibre by printing ■with a thickened 
mixture of nitroBodimethylaniline, resorcmol, and tannia, 
drying, and steaming, when the lake formed remains 
fixed on the fibre. 

Gallocycmine was discovered by KSohJin in 1881 
(D.jR.P. 19,680) by heating rdtrosodimethyl aniline in 
alcoholic or acetic acid solution ■with gallic acid. The 
dyestuff crystaUises in green needles ; the mother liquor 
contains dimethyl-p-phenylenediamine. Qallocyanine is 

OOOH 

I 

A 

/V /U\ 

(OHs)^ OH OH OH 


produced as foUo^ws : 

NO 


ooo- 


N 


/^/\/\ 


(aHs),N 


OH 


OH 


+ H2O +H2 


This formula was suggested because the methyl ester 
of GaUooyanine behaves as a dihydroxy-oompound, but 
Kehrmann considers that the compound contains a 
carboxyl group, and gives it the following constitution : 


N OOOH 


/\/%/\ 
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It dyes on metallic mordants; with chromium 
hydroxide it ^ves a violet lake much used in calico- 
printing. Owing to its insoluble character, Gallocyanine 
has not been satisfactory for printing, although largely 
used for dyei^ wool. The leuco-compound is more 
soluble, ajid gives more intense and brighter in 

combination with chromium acetate. Modem, violet, 
blue (1900), etc., are leuco-compounds of GaMocyanine, 
GallcrniiTie blue, C destine blue, etc. Modem hdiotrope PS 
is obtained by condensing nitroso-monoethyl-o-toluidine 
with gaUamide, and subsequently reducing to the leuco- 
compound. The Ultra violet dyestufEs [S.] are quin- 
hydrones obtained by condensing a leuoo-GaUocyanine 
with a Gallocyanine. On heating Gallocyanine base 
with water, the carboxyl-group is eliminated (Baver Co. 
D.B.P. 192,971) : 


OOOE 



These Pyrogallocyanines are commercial as leuco- 
compounds, which are extremely soluble, such as 
Gallo violet [By.] and Modem violei N [D.H.], the 
ohxomb lakes of which are easily developed by 
steaming. 

The condensation of GaHooyanines with aromatic 
alkylated diamines possessing a free amido-group, yields 
a new series of dyestuffs, such as the Modem Cyanines, 
Anthracyanines, Chromeacetine blue, and Modern blue 
OVI, which are easily fibced with chromium acetate, and 
have largely replaced the older brands -of Phenooyanines. 
During the reaction, half of the Gallocyanine used is 
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reduced, and can no longer react with amine. Hence 
the yield of Ddphine blue R [S.] : 

N NH.OgH^.SOg 

^/\/\ 

/v\AA 

(033)2^ O OH 0 


prepared by the action of aniline on Gallooyanino and 
subsequent sulphonation, is much improved by blowing 
air into the mixture to oxidise the leuco-Gallooyanine. 
Chromazurine 0 and E [D.H.] appear to be isomeric 
with Delphine blue. These dyestmffs give blue shades 
on chrome mordant. 

The dyestuff known as Prune is obtained by con- 
densing nitrosodimethylaniline with methyl gaUate ; it 
is a basic dyestuff having the constitution : 


H OOOOH. 




0 OH OH 

1 

01 


Nitrosodimethylaniline and gallamide yield OdUcmine 
which on heating with aniline gives Oallanil blue, 
of which the sulphonic acid is known as GaUaml indigo, 
and the nitro-derivative as QdUanil green (see Ritter- 
mann, Fdrb.-Ztg., 1912, 282, 302). 


(6) Azines. 

*0 Indaminea and 
the Indophenola. Thus, on heating an aqueous solution 
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of an o-aroido-Indamine it is converted into an Azine 
with liberation of hydrogen. For example, if a solution 
of Toluylene bluLe is heated, it gradually becomes red, 
owing to the formation of an Azine, Toluylene red : 


/\A 

(OH3 )jjN NH2 NH2 

01 


nr 





+ Ha 


NHo 


The hydrogen liberated reduces part of the dyestuff 
to its leuoo-oompound. This relation between the 
Azines and the Indamines seems to indicate a similarity 
in their constitution and the Azines have for a long time 
been considered as poro-quinonoid compounds. Facts 
are, however, known which are against such a struc- 
ture. Thus on oxidising o-hydroxydiamidodiphenyl- 
amine, there is obtained under certain conditions an 
Azine, amidopTienazine : 


NH 


/V\ 

OH NHg NHj 


N 




A\/V\ 


Tsm. 


This compound, however, contains a free amido- 
group, which cannot be brought into agreement with a 
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33£wa-quiiionoid constitution. This formula was henco 
replaced by the formula : 

N 



N NHg 

but this does not contain the ohromophore, the quinonoid 
group, and was hence replaced by the following formula, 
which represents A Tin es as ori^-quinonoid compounds : 










The nitrogen atoms of the azine ring have very decided 
basic properties, it is considered that in the formation 
of salts, the molecule of add becomes attached to one 
of these atoms. The ohromophore of the Azines should' 
hence be : S’ 


/\^\/\ 


N 

/\ 

H 01 

Diphenazine hydrochloride, or phenazomum chloride. 


It will be seen that there is a very great analogy 
between the constitution of the Oxazines, the Thiazinos, 
and the Azines, if the former are represented by formulae 
in which oxygen and sulphur are tetravalent. 

The Azine dyestuffs may all be considered as phenaz- 
onium derivatives, and have various names : 

The mono- and di-amidodiphenazines are called 
Eurhodinea. 
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The mono- and di-hydroxydiphenazines are called 
Eurhodoles. 

The w6fio-phenyl derivatives of the Eurhodines 
(diamido) are the 8afraninea : 


/V^/V\ 

nb:2 ^ nh, 

/\ 

OeH5 01 

The wifiso-phenyl derivatives of the Eurhodoles are 
called Safranoles. 

The Mcbuve^mAS are Safraninea in which the phenyl 
radicle is substituted for one hydrogen in the amido-group. 

Einally, the phenylamido- derivatives of the Mauveines 
are called InduUn&a. 

Safraniues from which one of the amido-groups have 
been eliminated are known as Aposafra/riines, which 
have particular names if derived from naphthophen- 
a 2 ane, according to the position of the amido-group ; if 
this is present in the naphthalene nucleus, they are 
termed Bosinduhnes, if present in the other nucleus, 
laorosindvMnea . 




N 


N 

OA a 

Aposafranine. 


N 


N 

nh,-o„h/ 

N 

OA <31 

Kosinduliue. 


^A— NHi 
N 

c,:^r^ci 

laoTOBinduline. 


O.D. 
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Eurhodines. 

These were discovered by Witt (Rer., 1886, 19, 441) 
by heatiag o-amidoazo-eompounds with amines. They 
may also be obtained : 

[а) By heatmg o-amido-Ihdamines in aqueous solu- 
tion ; 

(б) By oxidising certain o-diamines ; thus o-phenylene- 
dianoine gives cw^/’^-^^^^d^iodiphenazine. 

(c) By condensing nitroso -derivatives of tertiary 
amines or quinonedichlordiimides with amines in which 
the jiam-position is occupied ; 

(d) By oxidismg certain triamido-derivatives of di- 
phenylamine, thus o-di^-tri-amido-diphenylamine gives 
diamidodiphenazine ; 

(e) By condensing ortAo-quinones with amido-deriva- 
tives of oriAo-diamines. 

Properties The Eurhodines are weak bases of which 
the monoacid salts are red and the diacid salts green ; 
these salts are hydrolysed by water. 

The most important compound of this class is Toluylene 
red, which is derived from Toluylene blue, and is most 
easily prepared by oxidismg a warm mixture of di- 
methyl-p-phenylenediamine and w-toluylenediamine. It 
is commercial as Neviral red, and gives red shades on 
tanned cotton. 

- Neutral violet is the lower homologue, obtained by 
usmg m-phenylenediamine (Witt, Ber., 1879, 12 931 • 
D.R.P. 16,272). 


Enrhodoles. 

These compounds are obtained by heating Eurhodines 
with concenteated hydrochloric acid at 180°, or by the 
alkaline fusion of the sulphonic acids of the Azines, 
or by condensing hydroxy-oT^Ao-quinones with ortho- 
diamines. 
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Safranines. 

Historical. Perkin was the firat to manufacture a red 
dyestufE, Masjbveine being first prepared by biTn in 1861. 
It was patented by D. Price in England and by E. Duprey 
in France in 1869. These two processes consisted of 
oxidising aniline in acid solution by means of lead 
dioxide or barium peroxide. Safrardne was manufac- 
tured at Basle in 1868, and in England by Caro in 1871 
Later Nietzki obtained a better yield by heating 
amidoazotoluenes with dilute nitric acid. 

The researches of A. W. Hofmann, Witt, and Kietzki, 
have determined the constitution of the Safranines, by 
showing that they may be obtained ; 

(а) By heating Lidamines with primary monamines ; 

(б) By oxidising ^j-diamidodiphenylamines in presence 
of primary amines ; 

(c) By oxidising a jpara-diamine in presence of m- 
omido-diphenylamine ; 

(d) By oxidising a mixture of one molecule of a para- 
diamine and two molecules of a monamine, this being the 
process used commercially. In this case the pam-diamine 
should coptain a free amido-group, and the monamine 
should be a primary amine, but two molecules of different 
inonamines may be used, in which case one of them 
must be a primary amine. An Indamine is first formed : 


NH, 


/\/ 


/V 


/\ 


+ 


+ HOI + O, 




NEn 


NE« 






NB- 




+ 2H20 


V\ 


NE« 


01 
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On oxidising in presenc3e of a primary amine, the 
Indamine yields a Safranine : 

N NHg 

/\ 

+ O2 




NRg 

01 


NR55 


N 




NR, 



01 OjHg 

Aocording to their method of formation, it would 
appear that the Safranines are jpora-quinonoid, but it 
has been proved that there are two free amido-groups 
in Phemsafranine^ the simplest member of this class. 
Hence the Safranines should be represented by ortho- 
quinonoid formulae, thus : 

/\^\/\ 


/V\/V\ 

NH„ N NH, 

/\ 

d OaHfi 

Properties. The Safranines are very basic dyestuffs 
which form three series of salts : the monoacid salts 
are red and are not hydrolysed by water, whereas the 
diaoid and triacid salts, which axe blue and green respec 
tively, only exist in concentrated acid solution. The 
monoacid salts are weU crystallised substances whiol 
dye wool, sUk, and tanned cotton red shades ; to some 
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extent they also dye cotton direct. Alkylation of the 
amido-groups gives a more violet shade. 

Pheriosafranine is prepared aooording to Witt by 
oxidising a mixture of one molecule of p-phenylene- 
diamine and two molecules of aniline, or by oxidising an 
equimolecular mixture of ^)-diamidodiphenylamine and 
aniline. This mixture of the diamine and arn'IiTift 
is obtained by diazotising aniline in presence of an 
insufficient amount of acid, and converting the diazo- 
amidobenzene formed into amidoazobenzene by heating 
with aniline hydrochloride. On reduction of amidoazo- 
benzene, it gives one molecule of p-phenylenediamiTie 
and one molecule of aniline : 


CeHs— N=N— CA—NHa + 4H 

= CeHs— NHa + NHa— CeH^— NHa- 
A further molecule of aniline hydrochloride is added 
to the solution, which is then oxidised with potassium 
diohromate. In this reaction Mauveines are formed 
which are less basic than Safranine, and these are pre- 
cipitated by s^ddition of chalk. The filtered liquid 
contains the Safranine, which is then isolated by salting 
out with common salt. The hydrochloride crystallises 
from dilute hydrochloric acid in green plates, which are 
soluble in water to a red solution. The alcoholic 
solution is fluorescent. The free base is obtained by 
decomposing the sulphate by means of barium hydrate, 
and crystallises in green plates. 

Safranine readily gives a diazo-compound, and in 
concentrated sulphuric acid solution will give a tetrazo- 
compound. On boding with alcohol, the diazo-com- 
pound yields Aposafrcmine (Nietzld and Otto, Ber,, 1888, - 
21, 1736) : N 






N 


/\ 

a OeHg 
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the hydro chloride of which dissolves in. water and 
alcohol, giving red solutions, the alcoholic solution being 
fluorescent. Under the same conditions, the tetrazo- 
oompound gives phenylphenazonium chloride, the parent 
substance of the Safranines : 


/\A/\ 


N 


01 GeHg 


It is to be noted that in addition to symmetrical 
Safranine, an asymmetrical isomer can exist : 



This compound has been prepared by Barbier and Sisley 
{BvU. Soc. chvm., 1906, 88, 996, 1190, 1232; 1906, 
36, 1282) by oxidising a mixture of o-;p-diamidodi- 
phenylamine and aniline . They have further shown 
that this asymmetrical Safranine is formed together 
with ordinary Safranine by the oxidation of a para- 
diamine in presence of aniline, the two isomers being 
separated by fractional crystallisation. To differentiate 
between these two dyestuffs they called the symmetrical 
Safranines the iTidopTienosafranines, and their isomers 
the Azo 2 »heno 8 afrcmines. 
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DimdihylpTienosafraTdTie is obtained by oxidising a 
mixture of one molecule of dimetliyl-;p-ph.enylenediamine 
and two molecules of aniline ; its zmc chloride compound 
is known as Fuchsia or Methylene violet \ a higher 
homologue, GHroflde or Tanmn heliotrope is obtained 
by condensing nitrosodimethylaniline with xylidine. 

Te1r(iethylphenosafram,vne is prepared by oxidising an 
equimoleoular mixture of diethyl-j)-phenylenediamme, 
diethylaniline, and aniline. It is a violet dyestuff 
known as Amethyst violet. 

' Safranine T is commercial Safranine or Tolusaf ranine, 
and is generally prepared from a mixture of bases con- 
taining a large amount of o-toluidme, such as Magenta 
6ohapp6s. Its appearance and shade do not differ 
appreciably from that of Phenosaf ranine, but the yield 
obtained is much higher than with the simpler substance, 
v Magdala red is a Safranine of the naphthalene series, 
and was obtained by Schiendl in 1868 by heat- 
ing the hydrochloride of a-amidoazonaphthalene with 
a-naphthylamme. It is a basic red dyestuff which is 
soluble in alcohol, forming a solution with a brilliant 
yeUow fluorescence. 

Naphthyl violet and Naphthyl blue are produced by 
heating nitroBO-/3-naphthylamine with the hydrochlorides 
of a-naphthylamine and aniline. The commercial pro- 
ducts are the sulphonic acids, which give fluorescent 
shades on silk. 

-L BoALe blue is the basic dyestuff obtained by condensing 
nitrosodimethylaniline with diphenyl-2 : 7-naphthalene- 
diamine. It may be dyed on tanned cotton. 

- Mauvelnes. 

The Mauvelnes were the first synthetic dyestuffs 
used in dyeing. In 1866, Perkin obtained Mauvelne 
by oxidising impure aniline ; it is a violet dyestuff and 
was used at that time for dyeing silk. Perkin described 
two MauveSnes, Pseudo-Mamjelne, Ca4H,aN4, prepared 
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from pure aniline, and Mauv^ne C 27 H 24 N 4 , obtained by 
using a mixture of aniline and toluidine. As early as 
1871 Hofmann and Geyger recognised the analogy 
which exists between the MauveShes and the Safranines. 
The constitution of Psetwib-Mauveine was established 
synthetically by Nietzki by oxidising a mixture of 
p-phenylenediamine and diphenyl-wi-phenylenediamine : 


/N 




\/\ 


+ Oa + HOI 


/\/\ V\ 

OflHg— NH ISTH— OgHg 

/\A/\ 


NHo 


+ 2H2O 


CflHfiNH N NHa 

/\ 

a OeHg 


The Mauveines are hence phenyl-derivatives of the 
Safranines. They are less basic in character than the 
Safranines, and are only of historical mterest. For 
many years one of these products was used for printing 
the English penny stamp. 


Indulines. 


These dyestuffa have been known since 1866, being 
obtained by heating amidoazobenzene under pressure 
with an aqueous solution of aniline hydrochloride. 
Indulines are produced by heating aniline hydro- 
chloride with amidoazobenzene, azobenzene, azoxy- 
benzene, etc., more or less complex mixtures being 
formed, according to the conditions of the reaction. 
The Indulines which are soluble in water are the alkaline 
salts of the sulphonic acids of the Indulines, which are 
themselves insoluble in water, but are soluble in alcohol. 
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The Nigrosines are grey dyeatuffe obtained by heating 
aniline with nitrobenzene in presence of a little hydro- 
ohlorio acid and iron at a temperature of 160° to 200°. 
Similar dyestuffs are obtained by heating aniline with 
nitrophenol and aniline hydrochloride at 180° to 200°. 

Witt found that, by the action of aniline on amido- 
azobenzene at a lOw temperature, there is formed 
an intermediate product, azophenine, the constitution 
of which was established by Fischer and Hepp as 
diphenylamidoqLuinonedianilide : 

OgHg— NH II 

\A 

N— OflHj 

By raising the temperature to 126° to 130°, IndvXine 
3jB is obtained, and, at 166° to 170°, Iniuhne QB. 

The InduUnes appear to be phenylamido-derivatives 
of the Mauvelnes. They are used m the printing of 
cotton m the form of a thickened mixture of the Induline, 
tannin, and a solvent such as aoetin (glyceryl acetate). 


CHAPTER XXI. 


INDKK) AND ENDIGOID DYESTUFFS. 

Historical. Indigo is one of the oldest dyestuffs 
known, being found on the wrappings of Egyptian 
mu mmi es. Originally it came from India ; Pliny and 
Disoorides mention unsuccessful attempts to acolimatiso 
it to European countries. After bemg forgotten for 
many years, the Dutch imported the dyestuff from their 
colonies of Batavia and Java in 1631. Indigo is also 
found in a crucifera, the “ dyer’s woad ” {laatis Unctoria), 
which was cultivated in France and in Germany as early 
as the ninth century ; this culture was prosperous in 
Thyiringia in the sixteenth and seventeenth centuries. 
This was used under the name of Persian blue, and when 
Indigo came from the East it encountered serious 
difficulties. At first the use of Indigo for dyeing was 
forbidden, and at Nuremberg the dyers were obliged to 
take an oath not to use this “ devil’s colour ” (Teufels- 
farbe). It was only in 1737 that a royal edict in France 
allowed the use of Indigo from the Indies ; from that 
time its use extended to other countries, and finally the 
offiture of dyer’s woad disappeared in spite of the aid 
givm to it by Napoleon I. The purple which was of 
^ch great importance to the Romans, who extracted it 
from a certain species of mollusc found on the shores 
of It^y, has recently been shown by Friedlander to be 
a derivative of Indigo. 

m commercial manufacture of Indigo by synthetic 
methods was commenced about fifteen years ago, and 
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the artificial dyestuff has gradually replaced the natural 
Indigo. This industry is restricted almost entirely to 
Germany, where it is very prosperous, as shown by the 
following statistics, relating to the value of imports and 
exports of Indigo ; 


Obbkaky. 

lUFOBIB 

Ezfobts. 

1896 

21-6 million marks 



1898 

8‘3 ,, ,, 

7-6 million marks 

1904 

— 

21-7 „ „ 

1906 

0-8 

31 6 „ „ 


Towards the end of the year 1906, the production of 
synthetic Indigo in Germany had reached three thousand 
tons. This struggle between natural Indigo and the 
synthetic product has caused a considerable decrease in 
the price, which had fallen from seven to nine shillings 
to three to four phillings a pound in 1908 (Nietzld, 
Ch&mie der organiache Fcurbstoffe, 6th edition, p. 346). 
Whereas the amount of Indigo exported by Germany 
has increased rapidly, the culture of the plant in Tudin. 
has decreased considerably. Thus, in the four provinces 
which produce it, Bengal, Madras, Punjab and the 
United Provinces, the area used for its culture from 
1902 to 1907 amounted to 487,000 acres, in 1908-9 its 
culture only occupied 283,900 acres (J. Soc. Chem. Ind., 
1910, 146), and for the year 1910-11 only 263,700 acres. 
It is estimated that at present the production of synthetic 
Indigo has reached a value of three and a half million 
sterlhig per annum, over 36,000 tons of 20 per cent, paste, 
sold at sixpence per pound, being produced per annum. 
Some 3,000 tons per annum are made in England. 

Ext/r action of Indigo. Indigo does not occur in the 
state of Indigotine in the plant from which it is extracted, 
but is found as a compound which was first isolated by 
Schunck, who termed it indican, and gave its formula 
as OaflHjiOi^N. It was supposed (and this view is stiU 
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to be found even in many recent text-books) that 
indioan was a glucoside, resulting from the combination 
of Indigo with a certain sugar, indiglucine, this glucoside 
being decomposed by dilute acids or ferments as follows : 

2 C 28 B[ 3 i 1 ^ 0 jl 7 +4H2O =Ci 8 IIiqN 202 + 6 CeB[iQO 0 . 

Indioan. Indigotine. Indiglucine 

Marohlewski {J, 80 c. Ghem. Ind., 1898, 430), however, 
suggested that indican is the product obtained by con- 
densing a molecule of indoxyl with glucose (see below), 
according to which indioan should decompose to give 
these two constituents. This has actually been found 
to occur by Hazewinkel, Beyerinck and van Romburg 
Moreover, Hoogewerff and Ter Meulen (J?ec. tra/u. chim. 
P.-B., 1900, 19, 106) have succeeded in isolating 
indioan in the form of a crystalline hydrate of formula : 

Ci4Hi^Oe+2HaO. 

The extraction of the Indigo is carried out as follows • 
The plants are cut down some time before flowering 
and are placed in tanks or wooden vessels known as 
“steeping vats.” These are then covered with boards 
or bamboos on which are laid stones, and water added ; 
a very vigorous fermentation occurs, lasting for twelve 
to fifteen hours, during which time the indioan is decom- 
posed according to the following equation : 

Ci^HiTNOa + H 2 O = C8Hj^206 + \CH. 

\ NH / 

The indoxyl remains in the solution and gives it a 
greenish yellow fluorescence. This solution is drawn 
off into larger vats, in which it is exposed by some 
mechanical means to the action of air. The air oxidises 
the indoxyl, and then the leuco-Indigo gives iTidigotinB, 
which is precipitated in fluorescent blue particles. After 
standing for several hours, the supernatant liquid is 
decanted, the precipitate boiled with water to prevent 
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destructive fermentation, and the dyestuff is" filtered off. 
The mass obtained is compressed and broken into 
lumps which are then dried. The yield of Indigo is 
about 0 2 per cent, of the weight of the plants used, 
the average yield bemg 2,600 to 3,000 kilograms of the 
plant per acre of ground. The Indigo obtained is, 
however, often very impure, containing 20 to 90 per 
cent, of Indigotine in addition to a red dyestuff known 
as iTidirubine, Indigo yellow, Indigo brown, Indigo 
gluten, mineral matter, etc. Occasionally it has. to 
be purified to increase its value. Chemically pure 
Indigotine is very difficult to obtain ; after repeated 
purification by chemical means it is often necessary to 
sublime it in vacuo. 

Properties of Indigotine. This compound is obtained 
as An amorphous powder which has a copper reflex when 
it is compressed. It crystallises from acetic acid, 
phthaho anhydride, nitrobenzene, aniline, or phenol, 
and also sublimes, forming crystals with a brilliant 
metallic lustre. On heating it forms violet vapours, and 
at a high temperature decomposes. It dissolves in cold 
sulphuric acid to form a green solution, addition of water • 
precipitating the dyestuff unchanged ; on heating 
the sulphuric acid solution, it becomes blue and the 
substance remains in solution on diluting, owing to the 
formation of sulphonic acids. According to the condi- 
tions, mono-,di-,tri- or tetra-sulphonic acids are obtained ; 
the sodium salt of the disulphonic acid is known as 
Indigo ca/rmine. Oxidising agents destroy Indigotine, 
giving isatin. 

The most interesting property is its conversion by 
alkaline reducing agents to leuco-Indigo {Indigo whiti), 
which dissolves, forming a yellow solution. This 
solution oxidises in contact with air, regenerating 
Indigotine This property is applied in the dyeing of 
textile fabrics, a solution of the reduced Indigo, known as 
an “ Indigo vat,” being prepared, and the fibre immersed 
in it ; after being squeezed the fibre is exposed to air 
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to regenerate the dyestufE. The reducing agents in 
general use are ; ferrous sulphate and lime ; zinc and 
an alkali ; glucose and caustio soda ; and sodium 
hydroBulphite. The people of the East, who were able 
to dye with Indigo more than five thousand years ago, 
used vats obtained by fermentation as described above, 
these being stiU employed in certain countries In these 
vats the reduction is effected by the fermentation of 
various organic substances, such as bran, glucose, faeces, 
etc. The reduction of Indigo is assisted by the presence 
of a small quantitv of Induline scarlet (B.A.S.P., E.P. 
29,918 (1910) ). 

Kalb (Ber., 1909, 42, 3642) suggests a new method in 
which dehydroindigo, obtained by oxidising Indigo with 
lead dioxide in non-aqueous suspension, is used : 


/CO. /CO. 


N- 


It forms stable, crystalline, bisulphite compounds, with 
which the fibre is padded, dried, and then passed into an 
acid or alkahne bath at 80-100° C. to regenerate Indigo. 

Constitution of Indigotine. The percentage com- 
position of Indigotine corresponds to the formula 
C^sH^ON, but determination of its molecular weight,gives 
the formula CigHmOaNa, and in certain solvents the 
cryoscopio method gives values corresponding to double 
this formula (Sommaragu, Ann., 1879, 196, 312 ; Vaubel, 
Zeitsch. f. Farben- u. Textil-Ohem., 1902, 1, 39). 

^ Oxidation with chromic acid decomposes Indigotine, 
giving two molecules of isatin : ’ 

CieHioOaNa + Oj = 2C8H,OaN, 

showing that the Indigotine molecule is symmetrical 
and formed from two CgHjON groups linked together, 
iaatin is hence derived directly from the complex 
CgH^ON, and if the constitution of this group of atoms 
is determined, that of Indigotine may easily be deduced. 
On reduction, under different conditions, isatin yields' 
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three products (Baeyer and Khopp. Ann,, 1868, 140, 296): 
dioxindol, C 8 H 7 O 2 N ; oxindol, OsH^ON ; and indol, 
C 8 H 7 N. Indol may also be obtained directly by reduc- 
tion of Indigotine, which it regenerates to some extent 
on oxidising with ozone (NenclB, B&r., 1876, 9, 299). 
This was one of the first syntheses of Indigo, Nencld 
having extracted indol from the products obtained by 
the pancreatic digestion of albumen {Ber., 1874, 7, 1693). 
Hence, indol may be regarded as the parent substance 
of isatin and of Indigotine, the manner in which the 
atoms are arranged being the same in these various 
compounds. The dry distillation of Indigotine gives 
anihne, whilst in the products obtained by the alkaline 
fusion of Indigotine or isatin is found o-amidobenzoic 
acid. Hence, these substances (Indigotine, isatin and 
indol) contain the same grouping, namely, a benzene 
nucleus *in which one of the carbon atoms is bound to 
nitrogen ; the formation of o-amidobenzoic acid shows 
that there is also a carbon atom attached to the nucleus 
m ori/w-position to the nitrogen atom. Indol contains 
the grouping, C,H 4 N : 

OH 

\ 

HC 0—0 = 

I ^ 

HO C-N= 


To this grouping CHg must be added to give indol. 
Indol is a weak base, but does not contain an amido- 
group. It gives a nitroso-compound and an acetyl 
compound. These properties would agree with those 
of a compound containing the imido-group, NH, and 
hence indicates the following constitution : 

OH 


\h/ 
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This has been proved by the synthesis of indol. Baeyer 
and Emmerling {Ber., 1869, 2, 680) obtained indol by 
fusing o-nitrocinnaniio acid with caustic potash and 
iron filings. Baeyer and Caro {B&r., 1877, 10 , 692, 1262) 
observed the formation of indol on passing the vapours 
of diethyl-o-toluidine through a red-hot tube 
The constitutions of isatm and oxindol have been 
established by their synthesis. Oxindol is the internal 
anhydride of o-amidophenylacetic acid (Baeyer and 
Knopp, loc. cit .) : 


CHj— COOH 

NHa 


CHa 

HaO+CcH^/^ ^CO 
WEL 


and isatin is the internal anhydride of o-amidophenyl- 
glyoxylio acid (daisen and Shadwell, Ber., 1879, 12, 360) : 


00— COOH CO 

= HjO + CjE,/ ^0 

NHs ITH 


IsatiQ has the property of reacting in either of two 
tautomeric forms, either as a lactam, known as paeudo- 
isatin, or as the lactim, for which the name isatin is 
reserved ; these two forms have not been isolated in the 
free state, but Pummerer {Ber., 1911, 44 , 338) has 
recently prepared certain of then: derivatives. 


CO 


CO 


CO 


C.H/ ^0 ^C-Cl, 

Psetcdo-IsEbtin 


Isatin. 


N 

Isatin Chloride. 


With phosphorus pentaohloride, a chloride is obtained 
wmch IS a derivative of isatin. Comparing the mole- 
cular formula of ^ (Monde, CeH^ONd, with that of 
Indigotme (CaHjONlg, it will be seen that they differ 
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by the substitution of d for H By eliminating the 
chlorine and replacing it by hydrogen, Indigotine should 
be obtained. Baeyer {B&r., 1879, 12, 466) has actually 
obtained Indigo by reducing isa^ chloride with zmo, 
and hence Indigo^e results from the combination of 
two groupmgs of the formula : 

CO 

[C,H,<( ^CH-] 

N 

It only remains to determine exactly how this com- 
bination occurs. On boiling o-nitrophenylpropiolLo acid 
with water, it loses carbon dioxide, and gives oriAo- 
nitrophenylaoetylene. On oxidising with potassium 
ferrioyanide two molecules combine, giving di-o-nitro- 
phenyldiacetylene • 

0 = C— 0 = 0 

C.h/ ^.h, 

\0i, NOa 

On treating this compound with sulphuric acid and 
reducing with ammonium sulphide, Indigotine is pro- 
duced (Baeyer, Ber., 1882, 15, 60). This synthesis shows 
that the two benzene rings in Indigotme are hnked 
together by a cham of four carbon atoms. Hence on 
reduction of isatin chloride, combination must occur by 
the linking of the carbon atoms adjacent to nitrogen, thus 
establishing the constitution of Indigotme, as follows : 

CO 

2CeH/ Cl + 4H = 2H01 + 


CeH,. 


/ 


OeH, 


CO 


00 
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This formula also explains its properties. Thus 
oxidation yields two moleoules of isatin ; 



Reduction gives feitco-Indigo (Indigo white), which is 
soluble in alkalies, due to the presence of hydroxyl 
groups : 



Binz and Walter {Zeitschr. angew. Chem., 1906, 10, 
1416) showed that the formation of an Indigo vat, uaiTi g 
cauetio soda and sodium hydrosulphite, depends upon the 
sodium salt of Indigo first produced passing into solution 
owing to the loss of two hydroxyl groups. This is 
represented by the following equations : 


C8H,</^^ = CX^ + 2NaOH 

/NH-. 


C / NO 
oA Na o:^] 



CeH4 + 2NaHS08. 
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On reoxidising, which only takes place in presence 
of moisture, caustic soda is produced, leaving Indjgotine 
on the fibre. Other reactions accompany this oxidation 
(see Crowther, J. Soc. Dyers and Col., 1911, 27, 14:6 ; 
also Ehrhardt, ihid., 1913, 29, 121). Binz and Sohadel 
(Ber., 1912, 46, 686) have obtained further evidence that 
the formation of the Indigo vat is due to removal of 
oxygen, and not to addition of hydrogen. Liebermann 
had previously found that on acetylation, Indigo white 
behaved as though it possessed the formula : 


/NHv /NH. 

CeH/ >C-0< >OeH,. 

l^co/ 


and hence exists in two tautomeric forms. 

The constitution of isatin accounts for its conversion 
into dioxindol and oxindol by reducing agents. 

Indoxyl is an isomer of oxindol and is found in the 
urine of herbivorous animals in the form of its sulphuric 
ester (Baumann and Tiemann, Ber.^ 1879, 12, 1192 ; 
1880, 13, 416) ; it was synthesised by Baeyer {Ber., 1881, 
14, 1741) by reducing o-nitrophenylpropiolio acid with 
ammonium sulphide, when the indoxylic acid first 
produced loses carbon dioxide, giving indoxyl : 

CflH/ >C— OOOH = COa + 

^ NH / 

/C(OH). 

CeH/ >CH or CaH^ 

\ NH / 

(I.) (H.) 

Indoxyl can also react in either of two tautomeric 
forms, which are called indoxyl (I.) and pseudo-mAoxYl 
(II.). It has been obtained in the pure state by Vor- 
lander (Ber., 1902, 36, 1701) in the form of yeUow crystals. 
Indoxyl oxidises rapidly on exposure to air, giving 
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Indigotine. It condenses with aldehydes and with 
ketones to give the indogemdes (Baeyer, Ber., 1882, 16, 
2197 , Nolting, BuU. 8oc. cMm , 1902, 27, 836) ; thus 
with isatin it yields the indogenide Iridirubine, a red 
dyestuff which is an isomer of Indigotine, with which 
it occurs in natural Indigo, and which has the following 
constitution : 



This constitution, which was established by Baeyer, 
has recently been further proved by Wahl and Bagard 
{Bull. 8oc. cMm., 1909, 6, 1041), who have synthesised 
In<3irubine by oondensmg isatin chloride with oxindol. 
In addition to Baeyer’s indogenides, Wahl and Bagard 
have prepared a series of the isomeric compounds, the 
iso^u^genides, from oxiadol. The iso-indogenide of 
isatin is a further isomer of Indigotme : 
nr) ppr 

ObH/ ^CO + go/ “\OeH,=HaO + 
CeS/ ^ /go go/ ^ VeH, 


to which these authors have given the name iso-Indi- 
gotine ; it crystallises in garnet coloured needles which 
are insoluble in alkaline reduoiag agents. 


SYNTHESES OF INDIGOTINE. 

In the preceding portion it has been seen that Indigotino 
may be synthesised by various methods . by the oxidation 
of indol by ozone (Nenoki in 1876) ; the synthesis of 
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oaandol ajid its conversion into isatin (Baeyer and Comm- 
atook, B&r., 1883, 16 , 1704) ; the synthesis of isatin and 
isatin chloride, the reduction of which gives a mixture 
of Indigotine and Indirubme (1879). It was not, 
however, until the year 1882 that Baeyer and Drewsen’s 
synthesis from o-nitrohenzaldehyde gave a process with 
some possibility of commercial application. Even this 
possibility was not quickly realised, as attempts to 
carry out the process on a large scale failed for a long time. 
Di hjs address to the (Slennan Chemical Society (March, 
1910), B. Bohn remarked that “ The historian will not 
be able to pass over in silence the period of deep depression 
which was produced by difficulties encountered in all 
the various attempts made to apply the results of 
Baeyer’s researches in commerce. New dyestufEs were 
then sought to replace 3hd%o.” 

With the synthesis of Heumann {B&r , 1890, 23, 3044, 
3431 ; D.R P. 64,626 and 66,273 (1890) ), using phenyl- 
glycine and its carboxylic acid, a new method was 
available to investigators which finally solved the problem 
of the manufacture of Indigo, one of the most st riking 
chemical syntheses. 

The various synthetic processes wfil be described in 
the following order : 

I. Syntheses from cinnamic add. 

II. Syntheses from o-nitrobenzaldehyde. 

III. Syntheses from thiodiphenylurea and nitroso- 
othyldiphenylamidine (Sandmeyer’s synthesis). 

IV. Syntheses from phenylglydne 

V. Syntheses from anthranilio add. 


I. Syntheses from Cinnamic Acid. 

The nitration of cinnamic add or its esters yields a 
mixture of isomerides, of which only the o-nitrodnnamic 
acid can be converted into Indigotine, this being carried 
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out in several ways. On treating with bromine and 
then with alcoholic potash, this compound gives o-nitro 
phenylpropiohc add : 


CeH 

CaH 




CH = CH— COOH 


•NO2 

CHBr— CHBr— COOH 


.cm 


+ Bra 


+ 2KOH 


= CflH 


^C = C— COOH 


+ 2KBr + 2HjO. 


The action of reducing agents (glucose and caustic 
soda, or alkali xanthates) converts this add into 
Indigotine , the yield is about 70 per cent, and the pro- 
cess was used for some time in oahoo-printing {D.B.P. 
16,616). It has already been shown that this acid may 
also be converted into nitrophenylacetylene. KnaUy, 
o-nitrocinnamic add combines with a molecule of 
h 5 )p)ochlorous add, giving o-iiitrophenylohlorlaotic acid, 
which on treatment with alkalies loses hydrochloric acid 
to give o-nitrophenyloxyacryhc acid : 


0 


c]i^: 


CeH/ 

^NOj 


!H— COOH 


This compound gives Indigotine on fusing or heating 
with acetic acid or phenol 11,867 (1880) ). 


IL Syntheses from o-Nitrobenzaldehyde. 

In 1882, Baeyer and Drev^en (Ber., 1882, 16, 2866) 
showed that an excellent yield of Indigotiae was obtained 
by treating o-nitrobenzaldehyde dissolved in acetone 
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with, oaiistic soda. Aldol condensation first takes place, 
and then acetic acid and water are split off : 




= C,H,. 


< 


OHO 

+ CHa— CO— CHo 

NOa 

CHOH— CH»— CO— CHo 


NO, 


or 


CH(OH)— OH— CO— CH 3 
C.H,< /O i 


/COv 

= CH 3 — COOH + HaO + I CgH/ >C. 

\NH/ 


Two of the groupings so obtained then combine to give 
Indigotine. 

The acetone may be replaced by acetaldehyde or by 
pyruvic acid (Baeyer and Drewsen, Ber., 1883, 16, 
2206; D.J2.P. 19,768) ; moreover, by using a substituted 
o-nitrobenzaldehyde, a substituted Indigo is readily 
obtained. Thus, o-nitro-w-toluio aldehyde (Hochst 
Farbwerke, D.B.P. 21,683), chlor- and brom-o-mtro- 
benzaldehyde 30,339), and diohlor-o-nitro- 

benzaldehyde {D.B P. 32,238) have been used. 

“Indigo salt,” used to some extent in printing, is 
formed by combining the above alcohol (o-nitrophenyl- 
lactylketone) with sodium bisulphite ; it is a white 
substance which is stable in air, but yields Indigo with 
alkalies. 

Syntheses by means of o-nitrobenzaldehyde are, 
however, dependent on the preparation of this com- 
pound, whi^ is rather difS.oult. The nitration of 
benzaldehyde only gives a small amount of the ortho- 
oompound, yielding 100 to 106 per cent, of its weight of 
the p-nitro -derivative and only 20 to 26 per cent, of 
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the ortho-denYa.tiv6. By treating o-nitrotoluene with 
chlorine under certain conditions, it is partly converted 
into o-nitrobenzyl chloride, and this compound may be 
converted into the aldehyde by several processes. Thus 
on heating with alkali salts, acetates, sulphites, or 
thiosulphates, it is converted into the corresponding 
esters of o-nitrobenzyl alcohol, which are then 03ddiBed 
48,722, 104,360) : 


/CHa— CJ 

CflH/ + NaOOC.CHg 

^NOa 


= OeH 


yC!H20(C0CH3) 


+ NaCI 


or the product may be heated with aniline, the benzyl- 
aniline oxidised, and then the benzylidene anilino so 
obtained hydrolysed (HQchst Farbwerke, D.B.P. 01,603, 
92,084, 93,639, 97,847, 97,948) : 


.CHaa 

''NOa 


CeH/ ■ + NHa-CeHe = C.H.C' 


/CHa— NH— CflHe 
+ HC1 


NO, 


/CHa-NH-CeHs 

+ 0 

^NOa 

/0H=N-CeH, 

= CgH/ +HaO 


Finally, the side chain of hydrocarbons has boon 
converted into the aldehyde group ; thus, on oxidising 
o-nitrotoluene with manganese dioxide in presenoo of 
sulphuric acid : 


+^8 


/CHO 

+HaO 

^NOa \NOa ■ 

Other methods are known, but they are of less 
importance. 
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HI. Sandmeyer’s Sjmtheses. 


These were discovered by Sandmeyer at the works 
of Geigy and Co. in Basle in 1899. There are two 
processes : 

(1) By the action of chloral on a mixture of aniline 
and hydroxylamine hydrochlorides, an isonitroso- deriva- 
tive is obtained : 




CEO 


H^N— OH 

CcHb— NH-C=N-O eH, 

^ ^ + 3HC1 + HaO 


-OH 


On heating with sulphurio acid, this compound loses 
ammonia, giving isatin a-anilide : 

0 CH=NOH 

i-N—CeHg 

\ / 

Nir (I.) 

/CO^ 

C=N— CeHg + NHg 



and tins compound is readily and quantitatively con- 
verted by means of reduomg agents, such as ammonium 
sulphide, into Indigotine. 

(2) Carbon disulphide gives symmetrical diphenyl- 
thiourea with aniline, from which lead salts remove sul- 
phuretted hydrogen : 


■NH— 0«H 


JO. 

■NH— OeHg 




+ H,S 
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On treating this compound with potassium cyanide, 
hydrooyanocarbodiphenylimide is produced : 


Of + HCN 

^N-CeHs 




^NH-CeH. 


(isr 


This product is also formed hy dehydrating the above 
isonitroso-oompound, and is readily converted into the 
anilide obtained in (I.) by treating with ammonium 
sulphide and then with concentrated sulphuric acid. 
The following thioamide is formed as an intermediate 


product : 




I \NH-CflH6 

CS— NHa 


IV. Syntheses from Fhenylglycine. 


In 1890 Heumann (J5er., 1893, 26, 226 ; D.B.P. 64,626 
and 64,988) showed that the product obtained by the 
alkaline fusion of phenylglycine yielded a small amount 
of Indigotine on oxidation in air. It may be supposed 
to be formed from indoxyl according to the equation : 


OeH;5 . ITH— CHa— COOH 



CHa + HaO. 


Phenylglycine is obtained by condensing aniUne with 
monochloracetio acid ; 


CeHaNHa + ClOHaCOOH = HCl + CeH^-OHaCOOH 

or by the action of a mixture of formaldehyde and potas- 
sium cyanide onaniline (Deutsche Gold- und Silberscheide 
Anstalt, D.B.P. 117,623, 137,966, 141,749) : 

CeHs— NHa + CHaO + HCN = CeHs— NH— OHa—CN 
— ^ CeH^-NH— CHa— COOH. 
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This preparation has been the subjeot of a number of 
patents (Buoherer, D.B.P. 167,710, 167,909, 167,910; 
B.A.S.F., D.E.P. 166,760, 167,617, 168,346, 168,090, 
168,718, 181,723). 

The alkaline fusion of phenyiglychie only gives a very 
small yield of Indigotine, ovdng to decomposition 
ooourring at the high temperature (300°) at whioh the 
reaction must be carried out. Hence an attempt has been 
made to replace caustic alkalies by mixtures, in order to 
lower the temperature of reaction to about 200° ; thus, by 
mixing phenylglyoine with a mixture of alkalies and 
sodium peroxide, sodium ethylate, lime, etc , greater 
yields are generally obtaiued. In 1900 it was found that 
Bodamide was a very suitable reagent for converting 
phenylglyoine into Indigotine (Deutsche Gold- u. Silber- 
soheide Anstalt, D.B.P. 169,186). This process has 
been used by the Hbohst Farbwerke, and gives good 
results (see p. 286), 


V. Syntheses from Anthranilic Acid. 

Heumann noticed that Indigotine is also formed 
by the alkaline fusion of phenylglyoine o-carboxylio 
acid. In this reaction the yield is considerably greater 
than that obtained with phenylglyoine under the 
same conditions, and this method became the com- 
mercial process as soon as phenylglyoine o-carboxylic 
acid could be satisfactorily obtained. The commercial 
preparation of this acid, and hence of Indigo, was first 
carried out by the B.A.S.F., who have devoted a large 
amount of capital to the installation of the necessary 
plant. 

The raw material is naphthalene, whioh is first con- 
verted into phthalio acid by oxidation ; the moat 
suitable oxidising agent is fuming sulphuric acid, the 
action of whioh is made more energetic by the addition 
of mercury salts : 
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HO 

HO 


OH OH 


OH OH 


OH 

OH 


HO 


HO 


OH OOOH 

/^o/ 


OH OOOH 


This reaction is earned out at about 280-300°. 
Phthalic acid, or better, its anhydride, is then converted 
into phthalimide by heating to 226 ° witb 
carbonate, or by passing ammonia mto fused phthalic 
anhydride : 

CA <">0 + NHa = 

The phthalimide is then treated with allcaline hypo- 
chlorites (Hofmann’s reaction), and gives anthranilio 
acid, intermediate compounds probably being produced 
as follows : 


/CO\ /COv 






■ISIH— OOOH 


>N— Cl->CeH4<^ 

COOH 


COOH 


OeH, 


/■ 


NH 


2 




coon 


The conversion of anthranilio acid into phenylglycine 
o-oarboxylio acid can be carried out in several ways. 
Thus anthranilic acid may be treated with mono- 
chloracetio acid. The reaction must be carried out at 
a low temperature (40°), being then very slow; at 
higher temperatures secondary products are obtained. 




/NH 2 


OOH 


+ aCHaCOOH 

/NH— CH2COOH 
/ + HCl 


= CoH, 
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By the action of a mixture of formaldehyde, sodium 
bisulphite and potassium cyanide on anthranilic acid 
in aqueous solution, the following changes occur rapidly, 
giving an excellent yield : 


OeH, 


,NH— CH,— SO«H 


^ S3OOH 




NH— CHa— CN 


COOH 




NH— CHa— COOH 
COOH 


This acid is then fused with an alkali, the resulting 
mass dissolved in water and oxidised by a current of air : 


NH 

0,h/ \ 




OH,— COOH 
COOH 


HjO + 



OH— COOH 


Indigotine 


Synthetic Indigotine contains impurities which may 
be removed by various methods, such as boiling with 
pyridine. Indigo comes into commerce in the form of a 
paste or an impalpable powder. 

Sandmeyer’s syntheses have not yet received practical 
application, as the works at which this process was 
attempted (Geigy and Co., Basle) were destroyed by 
fire some years ago. This process has been perfected 
by Rahtjen, and a company has been formed at Ham- 
burg, with a capital of a quarter of a million sterling, with 
a view to its exploitation {Chem.-Ztg., 1910, 162). 

Syii theses from o-nitrobenzaldehyde are dependent 
on toluone os the raw material, and the production 
of this substance is somewhat limited. It has been 
calculated that four tons of this hydrocarbon yield 
one ton of Indigo, and as the monthly consumption 
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of Indigo is seven to eight thousand tons, this would 
require thirty thousand tons of toluene. Hence the 
production of toluene is not sufficient under present 
conditions, although the inoreasing use of bye-product 
coke-ovens will naturally lead to an increase in the 
production. 

Syntheses from phenylglycine or its carboxyHo acid 
require as raw materials aniline, naphthalene, and 
monoohloracetio acid. The electrolytic soda industry 
yields the necessary amount of chlorine for the ready 
preparation of monoohloracetic acid. Naphthalene is 
the commonest of the hydrocarbons ; according to 
Brunok, its production amounts to forty or fifty thousand 
tons per annum, and its price is about £4 per ton. Its 
conversion into phthalio anhydride can bo carried out 
very economically, as the oatalytio process yields fuming 
sulphuric acid at a very low price. The Badisohe Co. 
manufactures its IvMgo Pure B.A.8,F, in a works 
which cost over a million sterhn^g to erect. 

Of the numerous syntheses of Indigotine which have 
been suggested or actually carried out on a largo scale, 
the Bodamide modification of Heumann’s process is the 
chief one. ^ This great improvement over the original 
caustic fusion was the invention of the Deutsche Gold 
und Silberscheide Anstalt, and was acquired by Meistor 
Lucius and Briining. The yield of the alkaline fusion 
method was 13 per cent., whereas it is stated that the 
sodamide process ^ves over 76 per cent, of the theoretical 
amount. To avoid handling sodamide as such, it is 
probable that ammonia gas is passed over a mixture of 
phenylglycine, caustic a lkali, and sodium, sodamide 
being thereby formed in situ. 

The leuoo-compound. Indigo white, is now oom- 
mercial, various patents having been taken out of 
methods used to increase its stability, and at the same 
tune to facilitate its solution or the ease of obtaining 
details see Vlies, J. 8oc. Dyers and Col., 

1914, 22.) 
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Indirubine. 


This compound is the isomer of Indigotine, together 
with which it occurs in almost all the natural products, 
particularly in Indigo from Java, which frequently 
contains 6 to 7 per cent, of Indirubine, from which 
Indigo from India is practically free (see A. G. Perkin, 
J. 8oc. Dyers and CoL, 1911, 62). Its constitution was 
establish^ by Baeyer {Ber., 1881, 14, 1746), who syn- 
thesised it from isatin and indoxyl. Another synthesis 
has recently been carried out by Wahl and Bagard {Bull. 
Soc. chim., 1910, 7, 1090 ; 1911, 9, 66) by condensing 
isatin chloride with oxindol, thus : 



CH C 

= CflH./ ^0 C0<^ "^N + HCl 

\NH/ NDjH/ 

which passes into the isomeric compound Indirubine : 


CO 


CO 


nh/ )>o=c/ 

^OeH/ ^NH/ 


This reaction may be applied to substituted deriva- 
tives of isatin, which yield, on condensation with oxindol, 
substituted derivatives of Indirubme of the type : 

/CO. /CO. 

NH< >C«=C< >CeH3X 
XleH/ \NH/ 

The same derivatives may be obtained by condensing 
isatin with substituted derivatives of indoxyl, X being 
Br, Cl, NOjj, etc. 
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Action of Alkalies on Indigotine and on Indiruhine. 

Warm concentrated alkaKes decompose Indigotine, 
giving an orange solution from which, acids precipitate 
chrysanilio acid. Ikiedlander and Sohwenk (Rer., 1910, 
48, 1971) have shown that this acid is not the first 
product formed, mdoxyl-2-aldehyde and anthranilio 
acid being first produced, thus : 



Unless the indoxyl-2-aldehyde is removed by ether,' 
these products condense on aoidifying to give ohrysatfilio 
acid. 

Under the same conditions, Indirubine yields an 
isomeric aldehyde, oxmdol-3-aldehyde, as follows : 


CO\ 




■GC >NH 
Nn.TT./ 




NH/" 

OH 

\NH/ \ CeH^ / 
(^C(OH) 


/COOH 

CeH/ + OHO—* 


''NH, 


-NH 


This reaction occurs with all the Indigoid dyestuffe , and 
also with derivatives of Thioindigo. Thus TMoindigo 
sccurlei B yields chrysanUio acid and thiosalicylio acid. 
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INDIGOID DYESTUFFS. 

For a long time Indigo and Indirubine occupied an 
isolated position amongst the organic dyestuffs. Fried- 
lander (for nomenclature of the Indigoid compoimds 
see Friedlander, Monatsh. f. Ch&m.y 1898, 29, 359) has 
shown that there eadats a class of dyestuSs which he 
terms “ Indigoid ” dyestuffs, of which Indigo and 
Indirubine only constitute the first members. The 
Indigoid dyestuffs are characterised by the presence of 
the grouping : 

— 00 — 0 = 0 — 00 — 

I I 

which occurs in Indigotme and its two isomers, Indi- 
rubine and iflo-Indigotine. Indigoid dyestuffs may be 
symmetrical or asymmetrical according to whether the 
two parts of the molecule united by the double bond are 
identical and apparently similarly arranged, or whether 
they are different in structure or orientation. 

The symmetrical dyestuffs are obtained by oxi d i sin g 
products similar to indoxyl, and have the constitution : 

/OO. .00. 

in which, X represents a divalent atom or group, such 
as 0, CO, S, NH, CO . NH, etc, ; the group CgH^ may 
itself be replaced by another ring. The asymmetrical 
dyestuffs are prepared by condensing a compound si m ilar 
to indoxyl with a cyclic ketone such as isatin, thus : 

/CO. / \ 

ca<^>c:h, + 

/CO. / CO . 


0 . 1 ). 


T 
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They are also obtained by condensing isatin chloride 
or isatin anilides with cyclic molecules containing a 
C(OH)=CH group, such as phenols, diphenols, naph- 
thols, pyrazolones, isoxazolones, pyramidines, etc. 
(Eriedlander, Ber., 1908, 41, 772 ; Friedlander, Bezdrik, 
and KSniger, ibid., 227). It will hence be seen that 
a large variety of Lidigoid dyestuffs can be obtained, 
some of which have already met with great commercial 
success. 


^ Thioindigo. 


The preparation of this dyestuff is very similar to 
the synthesis of Indigotine from anthranilio acid (Kalle, 
D.R.P. 188,702, 192,076, 194,237, 194,264, 177,346 
(1906) For further details see J. 8oc. Ohem. Ind., 1909, 
82, 665). It consists in fusing phenylthioglycine-o- 
oarboxylic acid with alkalies and oxidising the aqueous 
solution of the resulting product, by nieans of a current 
of air, or other oxidising agent, such as diohromate, 
ferric chloride, etc. 


CeH,« 


COOH 


S' 


,CHo— COOH = H,0 + COa + 


.CO. /C(OH). 

CeH,<^ ^CHa or CeH^ ^CH 


There is produced a compound which differs from indoxyl 
by the replacement of the NH group by S, and is called 
thioindoxyl or 3-oxythionaphthen.* Like indoxyl, this 
is oxidised on exposure to air, giving the dyestuff. 


CH— OH 


'•'Thiophen has the constitution 


-LI 

Y 


and hence the name 



thionaphthen has been given to the compound : 
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The raw material for this process, phenylthioglyome- 
o-oarboxylic acid, may be obtained in several ways ; 
thus, if anthranilic acid is diazotised and treated 
with a solution of sodium disulphide, obtained by 
dissolving sulphur in sodium sulphide, the following 
reaction occurs : 




n=n— a 

+ Na«S, = 2NaCl + 


lOOH 


/N=N— S-^N=Nv 

CflH/ >CeH, 

\COOH nnmr/ 


COOH^ 


The diazodisulphide produced is very unstable, and 
loses its nitrogen, giving dithiosalicylic acid, which is 
converted by reducing agents into thiosalicylic acid ; 


aa 


'Njooh 


COOH" 


?C0H4 + 


= 206H 


^SH 

‘'^COOH 


Finally, by the action of monochloracetic acid on this 
acid, phenylthioglycine-o-carboxylio acid is obtained. 

Diazoanthranilic acid may also be combined with 
thioglycine, obtained by treating monochloracetic acid 
^vith sodium sulphide : 

/COOH 

CgH/ + HS— OHa— COOH 

\n-=n--ci 


COOH 


OoH/ 

\n=n- 


-S— CH,— COOH 


+ HOI 


This diazosulphide also readily loses its nitrogen and 
jdolds the acid required. 

Of the’ numerous processes for the preparation of 
Thioindigo which have been made the subject of 
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natents may be mentioned the process which consists 
r condensing acetylene dichlonde with tljioBalioylic 
acid and dehydrating the compound formed (Mttnch, 
ZeLTangew Ohem.:i908, 21, 2059 ; DM.P. 205,324) : 




SH SHv 

/ + CI_CH = CH-C1 + >CoH, 

'\C00H nnnirX 


COOH- 


/S-OH=CH— S. 

COOH/ 


The commercial product Thioindigo {red) B, which is 
prepared by the firm of KaUe according to FriedlimcUir’s 
patents, dyes cotton from a vat, giving fairly fast violot 
red shades. (See Kneoht, J. Soc. Dyers and Col., 
1906, 56.) 

Thiovtidigo scarlet B (KaUe, D.R.P. 187,586, 100,202, 
182,260, 193,150) is the dyestuff obtained by oondonaing 
isatin with oxythionaphthen : 


/CO. / CO \ 

CeH*/ p>CHa + CO<f ^NH 


Xh, 

/CO. / CO . 

= >NH + H.0 


0^X4 


Its constitution is determined by its method of formation. 
It dyes cotton brilliant scarlet shades. 
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* Substituted Indi^oid Dyestuffs. 

Ciba Dyestuffs {Soc. pour Vind. chim., Ba.sle, D.B.P. 
190,292, 192,682, 193,438). These dyestuffs are poly- 
halogenated derivatives of the Indigoid dyestuffs, 
Indigotine, Indirubine, Thioindigo, Thioindigo scarlet, 
etc., produced by halogenation at high temperatures 
in absence of water, using nitrobenzene, diohlorbenzene, 
glanial acetic anid, etc., as solvents {E.P. 6122, 6106, 
9646, and 13,148 (1907) ; 19,663 (1908) ). The original 
name is now used as a trade name for all the Indigo 
derivatives of this firm. Whereas the mono- and di- 
halogenated derivatives are only of slight importance, 
the tri- and tetra-halogenated derivatives have very 
pure shades which differ from those of the original 
substances. The position of the substituted atoms has 
a great influence on the shade produced. Giba blue B 
and 2B are tri- and tetra-brom-lndigotme. 

On heating Indigo with an excess of benzoyl chloride, 
dibenzoyl-Indigo, a brown amorphous powder of m.p. 108°, 
is produced. In presence of condensing agents, such as 
copper, using nitrobenzene as solvent, an intense yellow 
dyestuff is produced (Engi and Ero^ch, U.S.A. Pat., 
1026,674 (1912) ), Indigo y^lov) ZG Giba, which probably 
has the following composition : 

.CO. yCO. 

\ / 

OA 

This dyestuff and the bromo-derivative Ciba yellow G 
{D.Ii.P. 240,837) wore the first yellow vat dyestuffs for 
wool ; they also dye cotton and silk from a vat. (Wuth, 
J. Soc. Dyers and Col., 1911, 201; Engi, Ghem.-Ztg., 1914, 
100 .) 
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Although Indiinibme itself is practically useless for 
dyeing purposes, its bromo-derivatives possess a much 
greater affinity for the fibre, and excel in pun.ty of shade 
and general fastness. Ciba Mioir&pe (KP. 6106 (1907) ) 
is prepared by brominating Indirubine in presence of an 
excess of nitrobenzene at 130® C. The Helindone dye- 
stuffs of the Hoohst Earbwerke are also substituted 
derivatives of Indigoid compounds. 

On condensation "with isatin and subsequent bromina- 
tion, methylindoxyl gives new violet dyestuffs, such as 
Hehndon6 violet D (M.L.B., EP. 24,886 (1910) ). 

Whereas the Anthraquinone derivatives are with very 
few exceptions (for example, Helindone blue ZQ) unsuit- 
able for wool dyeing, the Helindone dyestuffs of the 
Tnriigm'H or Thioindigoid series are suitable for dyeing 
on wool (Kammerer, J. Soe. Dyers and Col., 1913, 68), 
for example, Helindone blue 2B, which is mainly 6 ; 6'- 
dibrom-Indigo ; 


0=0 

\^/\/ 


> 00 ^ 






It is interesting to note that Eriedlander {Mon. aci., 
1909, 670) has recently proved the identity of Tyrian 
purple with dibrom-lndigotme, which has tho con- 
stitution : 


0 = 0 

\»»/V 


Br 




This dyestuff of the Romans was extracted from a species 
of mollusc found in. the Mediterranean, known as the 
murex brandaris. 
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On condensing with acenaphthene quinono, oxythio- 
naphthon gives an interesting dyostnff, for the pre- 
paration of whioh the acenaphthene extracted from 
coal-tar, which previously had no commercial application, 
may be used. This product is known as Giba scarlet Q- 
(jS'oc. pour Vind. chim , Basle, T).R.P. 206,377), and has 
the following constitution ; 


CO 



The substitution derivatives of Thioindigo form a very 
important class ; whereas the derivatives of Indigo do 
not differ greatly in colour, those of Tluoindigo cover 
almost the whole range of the spootruin. Thioindigo 
oau be substituted in seven dilforont positioiLS : 




/“W 


i' 


O = G 


V\«/ \»A/ 


The remarkable influence of substituents on the 
colour is illustrated by the following examples (Friod- 
landor, vol. ix, p. 602) : 6 : O'-inothoxy-thioindigo gives 
an orange-rod shade, the 4 : 4' compound, bluo-violot | 
6 : 6'-diamido-thioindigo gives an orange-brown shade, 
the 4 : 4' compound, green-black ; 6 : O'-di-cthoxy- 
thioindigo is a bright orange dyestuff, the 6 : 6' com- 
pound, dark violet. 
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The following Helindone Thioindigo [K.], 

and Ciba [C.I.B.] dyestuffs aje commercial, and are 
derivatives of Thiomdigo : 


Dvestufp 


Pathnt No 


• OONSTITTJTION. 


Thioind/igo redBQ. 'y 
Hehndont red B. J 
Ciba red B 
Thwtndigo red 3B. \ 
Helindone red 3B. J 
Helindone Fast 
Boarlet R 

Helindone grey BB 

Helindone violet 2B \ 
Thioindigo violet 2B j 
Ciba bordeawD B 
Hdindone pink BN.\ 
Thioindigo pink BN.J 
Helindone orange D 

Helindone orange B \ 
Thioindigo orange R J 
Thioindigo eoarlet S \ 
Hdindone scarlet S j 
Helindone grey 2B \ 
Thioindigo grey 2B j 


DBF. 198,884 
EP 6490(1907) 
D B.P. 241,910 
D.B P. 213,466 

D.B P. 216,224 

DRP. 241,910 
EP 6490(1907) 
D.B P. 239,094 

D. RP 198,644 

E. P 1472(1907) 
DBP. 239,089 
DBP 241,910 


6 : 6'-Diohlorthioindigo. 

6 : 8'-Diolilorthioindigo. 

6 : 6'-Diohlor-6 : 6'-di- 
methylthiomdigo. 

6 : 6'-Diohlor-6 : G'-di- 
ethoscythiomdigo 

DichIor-7 : 7'-dianudo 
thioindigo. 

Dichlor-dunethyl-di- 

mothoxy-tliioindigo. 

6 • 6'-Dibrom-tliioindigo. 

6 : 6'-Dibrom-diinetliyl- 
tliiomdigo. 

Dibrom-6 : O'-dioanido- 
tliiomdigo 

6 : G'-Diothoxy-tliio- 
indigo 

6 0'-I)ithioxyl-thio- 
indigo. 

7 : 7'-Diaiiudo-thiomdigo. 


According to Bohn {Ber., 1910, 48, 987), tho Indigoid 
dyestuffs may be divided into symmetrical and asym- 
metrical dyestuffs, and each of these groups may bo 
divided into three classes, as shovn in the following 
table. This classification does not include Oxindigo 

• /CO. /CO. 

c.h.<o>c=o/o>h. 

which has recently been obtained by Fries and Hossol- 
bach {Ber., 1911, 44, 124) and by Stdrmer and 
Braohmann {Ibid., 316). This substance is unstable, 
and IS decomposed by caustic alkalies. 
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Indigoid Dyestuffs. 


I. SY3VLMETRICAL DYESTUFFS. 


Class T. 

Nitrogen 

oompounds. 

Chromogen ; 

NH NH 

/ \ / 

C=0 


Class II. 

Sulphur-nitrogen 

compounds. 

Chroraogen : 

S NH 


Class III. 

Sulphur 
coiapound.s . 

Ohromogen : 

S S 


CO 


\.o'" S.o-' ^ 

Indigo and Oiba violet and Thioindigo B and 
derivatives. derivatives. derivatives. 


II. ASYMMETRICAL DYESTUFFS. 


Class IV. 

CiASS V. 

Class VI. 

Nitrogen 

Sulphur-nitrogen 

Sulphur com- 

compounds. 

oompounds. 

pounds . 

Chromogon : 

Ohromogen : 

Ohromogen : 

CO CO 

CO CO 

CO 

CO 

/ \ / \ 

/ \ / \ 



C-C NH 

C=C NH 

0 = 0 

V 

V 

V "'Z 

Indiruhinc and 

Thioindigo scarlet 

Giha scarlet 0 

derivativo,s. 

and 

derivatives. 

and derivatives. 



CHAPTER XXEI. 
-^THIAZOL DYESTUFFS. 


The name thiazdl has been given to a heterocyclic 
ring containing three carbon atoms, one nitrogen atom, 
and one sulphur atom. The first derivative of this 
group known, phenylbenzthiazol, was obtained by 
Hofmann by fusmg benzanilide with sulphur : 




-NH 


\ 




CO— OflH;; + S 


/\ 


I— N 




x/\«/ 


The simplest derivatives of thia25ol are colourless. 
Phenylbenzthiazol is, however, a chromogen, as the 
introduction of basic groups in ^jcwa-position to the 
carbon of the thiazol ring gives feebly yellow coloured 
substances. 

The thiazol derivatives used in the manufacture of 
dyestuffs are those obtained by fusing ^j-toluidine or 
its homologues with sulphur. This reaction was dis- 
covered by Green in 1887 {Ber., 1889, 22, 969) and 
led to the preparation of PrirmiUne, the manufacture of 
which was immediately undertaken by Brooke, Simp- 
son and Spiller, near London. The process was not 
patented, and the researches of Jacobson {Ibid., 331), 
Gattermann {Ibid., 424, 1064), Anschiitz and Schultz 
{Ibid., 681) soon gave the chemical constitution and 
method of preparation of this compound. Since that 
time the manufacture of Primuline has been the subject 
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of a number of patents, mainly relating to the separation 
of the products formed in the reaction, Primuline and 
dehydrothiotoluidine . 

Manufacture of Primuline. 

When p-toluidine is fused ^vith sulphur and the ma,as 
heated to 200°, sulphuretted hydrogen is liberated, and. 
there are produced two products, dehydrothiotoluidine 
and Primuline, the relative amounts of which depend 
on the duration of the reaction, the temperature, and 
the amount of sulphur. Dehydrothiotoluidine, or 
5)-amidophenyltoluthiazol, results from the action of 
four atoms of sulphur on two molecules of the base, thus : 


OHq 




+ + 
rHa 

\/\/\ 


4S 


NHa 

0 II 3 s 


\y\ ^ 

N 




NHa + SHgS 


When the reaction lasts for a longer period, or is 
carried out at a higher temperature, Primuline is pro- 
duced by the action of sulphur on a molecule of de- 
hydrothiotoluidine and a molecule of jp-toluidme : 




N 


l<( ^ + 0H3< ^ + 4S 


Olla . Oolla <:> O— O0H4— NHa + 3 Ha 
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It is difficult to limit this reaction, and hence a 
mixture of the two products is obtained. On heating 
100 parts of p-toluidine with 60 parts of sulphur for 
twenty-four hours, there is obtained a mixture containing 
f>0 per cent of dehydrothiotoluidine, 40 per cent, of 
Primuline, and 10 per cent, of unchanged p-toluidine. 
The two bases may be separated by their different 
solubilities in alcohol, Primuline being insoluble. In 
order to obtain soluble dyestuffs it is necessary to 
use the sulphonated derivatives of these bases, which 
can be separated fairly easily commercially. 

The reaction between sulphur and p-toluidine is 
carried out in a directly heated cast-iron vessel, 
closed by a cover carrying one or two fairly large 
pipes surroimded by warm water, in order to condense 
the vapours of the p-toluidme without solidifying the 
base ; the sulphuretted hydrogen which escapes is led 
by a pipe to the fire where it bums. When the reaction 
has commenced, the combustion of the sulphuretted 
hydrogen formed supplies the heat necessary to maintain 
the required temperature. Wdien the liberation of gas 
diminishes the reaction is finished, and the contents 
of the vessel are forced into a sheet-iron tank and allowed 
to solidify ; the yellowish brown mass obtamed contains 
a mixture of dehydrothiotoluidine and Primuhne. 

In order to sulphonate this product, it is first finely 
powdered, and then added to four or five times its weight 
of fuming sulphuric acid, containing 23 per cent, of 
the anhydride, kept at 70®, The sulphonation is 
finished when the precipitate formed by pouring a drop 
of the sulphuric acid solution into water is completely 
soluble in caustic soda or sodium carbonate. The 
sulphuric acid solution is then poured into water and 
the precipitate separated ; it consists of a mixture of 
the sulphonic acids of dehydrothio^-toluidine and 
Primuline. For some preparations this mixture may 
be used direct, but for others the products must be 
separated. For this purpose the sulphonic acids are 
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treated with conoentrated ammonia solution, when the 
ammonium salt of the sulphonic acid of Primuline, 
being very soluble, dissolves, whilst that of dehydxothio- 
toluidine sulphonic aoid is only slightly soluble and is 
precipitated in the form of a paste of fine yellow needles 
which is separated from the liq^uid. The solution ob- 
tained is then treated with caustic soda, which replaces 
the ammonia on heating, and by addition of salt there 
is obtained the sodium salt of Primuline sulphonic acid, 
which constitutes the Primuline of commerce. 

Dehydrothio-p-toluidine is insoluble in water, and 
crystallises from alcohol in yellow needles of m.p. 191®, 
B.P. 434®. Its sulphonic aoid crystallises in small 
yellow needles which are insoluble in water but soluble 
in alkalies ; in dilute alkaline solutions it has a violet 
lluoresoenoe. The olkaJi salts have a very shght affinity 
for cotton. 

Primuline base is insoluble in water, and in alcohol. 
Its sulphonio aoid is an amorphous yellow powder which 
is insoluble in water but soluble in alkalies, forming a 
light yellow solution which has a violet fluorescence when 
dilule. 

Application of Primviine. 

Primuline of commerce is the sodium salt of Primuline 
sulphonio aoid, and has the property of dyeing cotton 
direct a greenish yellow shade, which of itself is not 
of much interest. Primuline, however, contams a free 
NHg group, which can bo diazotised on the fibre and 
then combined with amities or phenols to give various 
shades. A. G. Green, who discovered this property, 
gave the names “ Ingrain ” dyestuffs to those which 
are obtained diroctly on the fibre, thus indicating that 
those dyestuffs aro produced inside the cells of the 
fi.bros. The production of Ingram dyestuffs includes 
throe operations : dyeing, diazotising, and coupling or 
developing. 
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The dyeing of cotton with Pnmuline is earned oiit 
under the same conditions as with the direct cotton 
colours, that is, from a warm bath contaming common 
salt The diazotisation is effected by unmersing the 
dyed fibre in a dilute solution of sodium nitrite acidified 
With hydrochloric acid, and is complete in a few minut^. 
After washing thoroughly, the dyestuff is developed by 
immersing the fibre in an alkaline solution of a phenol, 
a naphthol, or their derivatives, or in an acid solution 
of an amine. The development is almost instantaneous . 
The shades obtained are as follows : yellow with phenol, 
orange with resorcinol, red with j8-naphthol, bordeaux 
with ethyl-^-naphthylamine, garnet with. N.W. acid, 
brown with m-phenylenediamine. 

The Inirrain dyestuffs are very fast to washing, but not 
to light. Green, Cross and Bevan (SJ.P. 7463 (1890)) 
have appHed the instability of the diazo- compound of 
Primuline to fight, in photography. The dyed material 
is diazotised, washed and dried ; on placing under a 
negative and exposing to the sun, the diazo -compound is 
destroyed in the exposed places, and on developing 
these portions remain yellow, whereas the remainder is 
altered. This process, though interesting, has not 
met with any commercial success. 


Dyestuffs derived from Dehydrothiotoluidine. 

Dehydrothiotoluidine has no affinity for cotton. On 
methylating the free base by heating to 170° with 
methyl alcohol and a mineral add, a methyl chloride 
compound of dimethyldehydrothiotoluidine is obtained, 
which is soluble in water to a yellow solution . 

CH3 

CH3-C,H3<( ® 

^ • 01 
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Tiiia IS a basic dyestuff, Thioflavine T (Green and 
*Lawson, J.C.S., 1889, 66, 230), which dyes wool and 
tanned cotton greenish yellow ^ades. 

When dehydrothiotoluidine sulphonio acid is oxidised 
with an alkali hypochlorite, a yellow dyestuff is 
obtained, which is known as Cliloroph&nine. (Clayton 
Aniline Co.) or OMoramine yellow ^ and which gives yellow 
shades on cotton which are very fast to light. Oxida- 
tion of the mixture of the sulphonic acids of dehydro- 
thiotoluidine and Primuline gives a product, OxypheninSf 
the shade of which is not so pure. 

Glayton yellow or Thiatol yellow S. (D.M.P. 63,936) is 
a diieot yellow dyestuff, which is prepared by diazotising 
dehydrothiotoluidine sulphonio acid and combining the 
diazo -compound obtained with a further molecule of 
that substance. It is not a true azo-dyestuff, as it no 
longer contains the NHj group, but is very probably 
a diazoamido-compound. 

^ The higher honiolopes of p-toluidine, such as m-xyli- 
dine and paewdo-cumidine, give similar compounds. 

The Thiazol dyestuffs are not destroyed by reducing 
agents, and this property is used in printing for obtaining 
coloured discharges. 
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SULPHUE DYESTUFFS. 

Thh Sulphur or Sulphide colours are prepared by 
heating various organic substances with sulphur, alone 
or mixed with alkali sulphides. They are direct dyo- 
stufiEs for vegetable fibres. 

The first definite product was obtained by treating 
crude dinitronaphthalene with alkali sulphides, but 
the first commercial dyestuff of this class was disco voi’od 
by Croissant and Bretonnifere ia 1873 by heating saw- 
dust, bran, and similar substances with sulphur and 
alkali sulphides. This dyestuff was Icuown as OacJiou 
de Laval, and dyed cotton directly a greyish brown. 
Its preparation from almost any organic debris, coupled 
with its very weak tinctorial properties, did not en- 
courage further research. The discovery remamod at 
this stage until 1893, when K. Vidal extended this 
reaction m an unexpected manner. He found that 
on heating a mixture of quinone and phenols with 
sulphur and alkali sulphides in presence of ammonia, 
intensely coloured dyestuffs were produced. On replac- 
ing this mixture by p-phenylenediamine, p-amidophenol, 
etc., he found that th,e latter substance, for example, 
gave under these conditions a product which was soluble 
in alkali sulphides, forming a green solution which dyed 
cotton black , this was called Vidcd black, and was 
manufactured by the firm of Poirrier at Saint-Denis. 

The appearance of Vidal black was followed by that 
of an enormous number of dyestuffs, obtained by 
applying the above reaction to other organic substances. 
The various colour firms have given the Sulphur dyestuffs 
which they manufacture different names, as foUows : 
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Sulphur colours 
Kryogen colours 
Katigm colours 
Immedial colours 
Thioodn colours 
Clayton colours 
Pyrogen colours 
Rexoll colours 
Eclipse colours 
Amidazol or ^ 

SulpTho colours >• 
Cross dyes ] 

Thiophor colours 
Thion colours 
Pyrol colours 
Thionol colours 
Thiogen 1 , 

Melanogen J ^ 
Thional colours 
Auronal colours 


(Berlin AktiengeseUsohaft), 

(B A.S.F.)- 

(Bayer Co.). 

(Cassella). 

(Griesheim Elektron). 
(Clayton Aniline Co.). 
(Basle Soci6t6). 

(Claus & Co.). 

(Geigy & Co., Basle). 

(Read Holliday). 

(Jager). 

(KaUe Co ). 

(Leonhardt). 

(Levin stein) . 

(H6chst Farbwerke). 

(Saudoz). 

(Weiler-Ter Meer). 


The Sulphur dyestuffs have a certain number of 
properties in common ; they are almost all coloured, 
amorphous powders, insoluble in water, acids, and the 
usual solvents. They dissolve in cold alkalies in the 
presence of reducing agents, such as sodium sulphide or 
glucose, and the solutions so obtained are decolorised by 
stronger reducing agents such as hydrosulphites. On 
immersion in these coloured solutions, vegetable fibres 
absorb the dyestuff, which is partly fixed, and the 
fixation is completed by passing through a warm, dilute 
diohromate or copper sulphate bath, or in many cases 
by mere exposure to air. 

The Sulphur colours may also be precipitated from 
solutions and fixed on the fibre by means of animal 
colloids, such as glue, albumen, casein, etc. (Cassella, 
D.R.P. 226, 314). 

By evaporating a solution of a Sulphur dyestuff to ■ 
0.1) u 
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dryness with a caustic alkali and a reducing agent other 
tiian sodium sulphide, such as glucose, a solid, stable 
leuco-preparation of the dyestufE is obtained as an alkali 
salt (Meister, Lucius and Brtining, E.P. 4610 (1912) ). 
These products are useful on account of their solubility, 
and can be used in the so-called lime-fermentation vat, 
or the lime-glucose vat. 

Manufacture of Sulphur Dyestuffs. 

The methods used for manufacture have been further 
improved since the discovery of Vidal black. Those 
improvements are to a large extent due to better loiow- 
ledge, even yet incomplete however, of the chemical 
reaction which gives these dyestuffs, Vidal was the 
first to attempt an explanation ; he supposed that 
on heating p-diamines and p-amidophenols with sulphur 
and alkah sulphides, there is first produced a deriva- 
tive of diphenylamine, which seems very probable, os 
ammonia is liberated. The dyestufE is then formed 
by the action of sulphur and alkali sulphides on tho 
substituted derivative of diphenylamme so produced. 
Vidal’s view was subsequently confirmed, as a short 
time afterwards the firm of CasseUa obtained Immedial 
black by fusing hydroxydinitrodiphenylamine with 
sulphur and alkah sulphides. This discovery gave a 
new impetus to the manufacture of Sulphur colours by a 
different method to that previously employed. Various 
derivatives of diphenylamine, such as the hydroxy-, 
amido-, alkylamido-, and .chloro-compounds, and sul- 
phonic and carboxyhc acid derivatives, were fused with 
Bulphur and alkah sulphides. Hence, methods for 
preparmg these substances had to be found, as most of 
them were then unknown, and they became raw materials 
of very great importance. 

Two methods are available by which these substances 
can readily be prepared. The first is to treat substituted 
aromatic amines with chlordinitrobenzene. Whereas the 
chlorine atom of monoohlorbenzene is only eliminated 
with very great difS.oulty, the presence of the nitro-groups 
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in ohlordioitrobenzene makes tlie ohlorine easy to remove. 
Thus, on heating in dilute alcoholic solution with 
jp-amidophenol in presence of an alkali salt, chlordinitro- 
benzene yields hydroxydiiiitrodiphenylamine, the raw 
material used in the manufacture of Immedial black, 

yOaC ^ ^ 01 + 


NO, 




OH + HOI 


NO, 


The second method is to reduce Ihdophenols or Ind- 
amines ; but this reduction need not actually be carried 
out, as the sodium sulphide reduces the Indophenol or 
Indamine, and the sulphur then converts the derivative 
of diphenylamine so obtained into a dyestuff. An 
attempt has also been made to replace the fusion method, 
which is a rather destructive process, by the use of alkali 
sulphides in the presence of a solvent such as alcohol, 
glycerme, or even water. Emally, it has been found that 
the presence of copper, manganese, zinc, etc., salts con- 
siderably modifies the shade of the dyestuff formed in 
those reactions. 


Conatitviion of Sulphwr Dyestuffs. 

The constitution of most of the Sulphur dyestuffs 
has not been definitely established ; indeed, the study 
of these products is met with several difficulties. First 
of all, they are generally amorphous substanoes which 
are insoluble in the usual solvents, and are hence very 
difficult to isolate in the state of purity essential for 
examination. Moreover, in these reactions there are 
often formed mixtures of several dyestuffs, which it is 
difficult, if not impossible, to separate. Vidal supposed 
that the sulphur contained in the products was combined 
to form a oertam number of thiazine rings. This view 
has recently been confiimed by the discovery of a new 
process for manufacturing Sulphur dyestuffs (A. 0. 
Green, Moyenborg, and the Clayton Aniline Co., D.R.P. 
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120,660, 127,866, 128,916, 130,440), which is in some 
respects similar to that used for Methylene blue. On 
osidising with cold potassium dichromate in presence 
of a large excess of sodium thiosulphate, a p-diamine or 
a p-amidophenol does not give Bemthsen’s mono- 
thiosulphonic acid, but yields di- or tetra-thiosulphonio 
acids, according to the experimental conditions. Thus, 
p-phenylenediamiue yields the two acids : 


ira[2 S — SO3H 2:038 — S NHj S — SOoH 


S!OgS' S 




HO3S S N22 S — 303'Br 


On oxidising with dichromate in presence of aminos, 
amidophenols, etc., these two acids yield, as inter- 
mediate products, Indamine thiosulphonio acids, which 
lose sulphur dioxide on boilmg with dilute mineral adds, 
giving insoluble dyestuffs which have all the properties 
of the Sulphur colours. This process makes it very 
probable that thiazine rings are present in dyestuffs 
of this group. AH the sulphur is not, however, present 
in this form. It is known that on heating with sulphur 
a large number of organic substances yield organic 
disulphides, which are generally only slightly soluble. 
These disulphides are converted by reducing agents into 
meroaptans, which are soluble in alkalies, and are easily 
oxidised, regenerating the original insoluble sulphur 
compounds. 

The aayton Aniline Co. {D.E.P. 140,964) have 
obtained a process for preparing a blue dyestuff which 
has made this view extremely probable . "When a mixture 
of dimethyl-p-phenylenediamine thiosulphonio add and 
o-hydroxythiophenol is oxidised in alkaline solution, an 
insoluble dyestuff very similar to, or identical with, the 
Immedial Pure blue of Cassella is obtained. The reaction 
should therefore be represented by the following equation : 
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SH 


/N/ 


(0H3)2N 


V\ 


/\/ 




+ Oo 


S-HSObH oh 

H SH 

/\/ \/\/ 


(aH,)jS 


+ HaSOg + aHjO 


s o 


the mercaptan so formed then oxidising to give a di- 
sulphide, which is the dyeatufiF : 



,Ha— S— S--0eH, 


\ 


0 0 




% 


>CeH8N(CH3)2 


That such a compound is soluble in alkaline reducing 
agents (sulphides, or glucose and caustic soda) is explained 
by the disulphide being converted on reduction into two 
molecules of the mercaptan. 

The thiazme constitution of Immedial Pure blue has 
also been confirmed by its conversion into tetrabrom- 
Methylene violet (Gnehm and Kaufler, Ber., 1904, 37, 
2617, 3032). 

Immedicd Indone has been found by IVahk (J.O.S., 
1910, 97, 218) to give a dioarboxylic derivative 
Ci^Hi^O^NgSa, which requires two atoms of hydrogen 
for its reduction to the leuoo-oompound. The con- 
stitution suggested for this derivative is : 


N 


OH, 


/N/X/\ 


OOOH 


. . OHg .000 

s ' 
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There is another class of Sulphur dyestuffs knowi 
which are obtained by fusing methyl ringH 3 ubstituted 
derivatives of m-diamines with sulphur and alkali 
sulphides. They are yellow, orange, or brown dyestuffs, 
which appear to be somewhat similar to the Thiazol 
derivatives, dehydrothiotoluidine and PriTnuline. 

According to Nietzki {Chemie der organiscJien Farh- 
stqffe), the Sulphur dyestuffs may be divided provisionally 
into the following six clasess : 

(1) Immedial Yellow doss. This includes dyestuffs 
similar to those from thiazol, obtained from w-diaminos, 
particularly from m-toluylenediamine and its formyl, 
acetyl, etc., derivatives. These compounds are fused 
with sulphur, and the products so obtained are heated 
with a concentrated solution of sodium sulphide, in 
which they dissolve ; the dyestuff is then precipitated 
by addition of an acid. 

(2) Vidal Bloch class. Of the substances stated by 
R. Vidal to give Sulphur colours on fusing with alkali 
polysulphides, only p-amidophenol and dinitrophenol 
give products of practical importance. 

(3) Irrvmedial Bloch class. These dyestuffs are ob- 
tained by treating the derivatives of diphenylamine with 
alkali ^lysulphides. The first of these products was 
Irrmedial black, which rapidly replaced V^l black. 

(4) Immedial Pure Blue olass. The Basle Sod^t^ 
pour I’industrie chimi(g[ue has prepared blue dyestuffs by 
treating Indophenols, for example the one formed by the 
oxidation of a mixture of dimethyl-p-phenylenediamine 
and p-anudophenol, with alkali polysulphides. In the 
same way, the firm of Cassella have obtained Immedial 
•pure blue dyestuife by the action of polysulphides on 
derivatives of diphenylamine at a low temperature. 

(6) This doss includes the violet and red dyestuffs ’ 
obtained by treating with sulphur the dyestuffs derived 
from phenazine, such as amidooxyphenazine, Safranolos, 
Rosindones, etc. 

(6) This group contains the products obtained by 
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treating 1 : 6- and 1 : 8-dinitronaphthaJene, and the 
intermediate products obtained in the manufacture of 
naphthazarin, with alkali sulphides. The most im- 
portant dyestufE of this group is Fast black (B.A.S.P.), 
obtained by heating dinitronaphthalene with an aqueous 
solution of sodium sulphide. 

The following table gives the principal Sulphur dye- 
stuffs (Nietzki, Ch&mie der orgcmischen Farbstoffe, 6th 
edition ) : 


DyaSTXjpp 


Pa3?hnt no 


PunPAiuxioir.' 


Vidal black [P.] 


Fast black 
[B.A.S.F.] 


Immedial black V. 

[ 0 .] 

Sulphur black T. 

[A.] 

Aurondl black 
[W.] 


KaHgen black 2B 

Jhnnw^icd blue 
[C.] 


Pyrogen direct 

b2tZs, 

Pyrogen blue B. 
[0.XB.1 

Invmedial Pure 
blue [0.] 


Pyrogen ydiow M. 
Pyrogen olvoe 
[O.I.B.] 


D.R.P. 82.748, 
84.632, 86,330, 
88,392, 91,719, 
94,601 

D.B.P. 139,099 


D.R.P. 103,801 


D.B.P. 127,886 
D.R.P. 144,119 


E.P 16,026. 


Fusion of p-anoidophenol 
and p-mamines with 
ftllTRli polysulphides. 

Dinitronaphthalene is 
treated with alkah 
sulphides m aqueous 
solution. 

Fusion of hydroiq^-dinitro- 
diphenylamine with 
n.lkali polysulphides. 

Duutrophenol is treated 
with an aqueous solu- 
tion of polysulphides. 

p-Amidodinitrodiphenyl- 
amine is treated with 
sulphides m presence 
of glycerol. 

From chlordinitrophonol. 


D.R.P. 103,801, 
104,283 

D.R.P. 132,424 

D.R.P. 134,947 
D.R.P. 136,836 


Hydroxydinitrodiphenyl- 
amine is treated with 
polysulphides at a low 
temperature. 

Hydroxy dmitrodiphenyl- 
amme is treated with 
polysulphides m aloo- 
holio solution. 
p -Dimethylamidohydroxy- 
diphenylamine is 
treated with sulphur. 
Fusion of osybenayhdeno 
compounds with poly- 
sulphides. 
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Dtbsihw 


PAiHira No 


Eohpse yeUov) Q 

and SG' [G.] 


D.B.P. 138,839 


ImrnediaLyeliowD D.B.P. 139,430 
[C.] 

Immedial orange O D.R.P. 162,696 
[C.] 


Verde Itdhano 


Lepetab, DoUfuss 
&Oo (1800). 


Pyrogen green D R.P. 148,024 

Immedvil hor- D.B.P. 126,176 
deaua [C ] 

Immedtcu maroon 
[C.] 


Pebpabaiion. 

Fusion of mono- or di- 
foxmyl-w-toluylone 
diamine, alone ^ or 
mixed with, benzidine, 
with sulphur at 240“ C. 

Fusion of r?i-toluylene di- 
amine witli sulphur at 
190“ C. 

Fusion of »?i-toluyl6ne di- 
annne with sulphur at 
260“ 0. 

Fusion of p-amidophe- 
nol or its substituted 
derivatives with poly- 
sulpludes in presence of 
copper salts at 180“ 0. 

Fusion of azines with 
sulphur and alkali 
sulphides. 


The proportions of sulphur and sodium sulphide, and 
of the polysulphide to the raw material used, the tempera- 
ture at which the reaction, is oarried out, and the methods 
used for the separation of the dyestufEs, all play an 
important part in determining the product which will 
he obtained. In many cases the best conditions lie 
between very small limits. The field being so extensive, 
in fact almost every class of organic compound appears 
to have been submitted to the action of sodium poly- 
sulphide, it is not surprising to find that products have 
been obtained which have subsequently been found to 
be mixtures of dyestuffs and their intermediate products. 
Taking into account the complexity of these dyestuffs, 
the chemical constitution of which is generally unknown, 
it is remarkable that there should not have been more 
cases of the patents of different firms clashing. Many 
of Vidal’s patents were incomplete ; thus E.P. 16,449 
(1896) is an example of how to produce a Sulphur black 
from dmitrophenol under the worst possible conditions. 
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The compoundB, and in some oases the methods, used 
for obtaining some of the recent yellow and brown 
dyestuffs are given in the following table. (See Vhes, 
J. Soc. Dyers and Col., 1913, 316.) 


Kryogm yellow B. 
Thion yeUow O 
Immedial yeUow 00 

Kryogen yellow 0. 

Thion brotm 
Eclipse brown colours 


Thxo Kaligem. colours 


Immedml brown. 


Immedial bronze 
Thiophor bronze 60 

„ „ o 

Kryogen brown. 

Thvmal brown O, etc. 
TMonal bronze. 


m-Toluylenediamme thiourea. 

7»-ToluylenecLiamiae 

Dehydrothiotoluidme mixed with benzi- 
dine. 

Thiourea derivatives of m-toluylene- 
diaznme mixed with benzidme. 

Amhne-azo-Tnrtoluylenediamme. 

Mixtures of m-toluyleuediomine with 
several bases and acids, such as 
oxal-m-toluylenediamme, mtrotolui- 
dmes, phthahc acid, tMo-diglycoUic 
acid, etc 

Fusion of acetyl-p-phenylenediamme 
with sulphur and solution m sodium 
sulphide ; 

or Action of sodium polj^ulphide on 
mtro-acetanihde, etc. 

Action of caustic soda on hydroxydimtro- 
diphenylamme, which may be fol- 
lowed by fusion of the product with 
sodium polysulphide. 

Fusion of dmitrocresol with polysul- 
phide 

Fusion of a mixture of p-phenylenedi- 
amine and p-amidoacetamlide with 
sulphur. 

As above, but with addition of benzi- 
dme. 

Beduotion of 1 : 8-dmitronaphthaIene 
with sulphide or sulphite and sub- 
sequent treatment with polysulphide. 

Fusion of /3-oxynaphthaqumone anilides 
with sodium polysulphide. 


The enormous number of Sulphur dyestuffs produced 
during the ten years which followed Vidal’s discovery 
has IdEt behind a host of prematurely extinct patents, 
and has been followed by a period of inactivity which is 
remarkable. During the last two years the production 
of new Sulphur dyestuffs has been so small that one 
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might reasonably conolude that this group of colouring 
matters is not capable of any great extension. The 
origiaa] Vidal black from 2?-amidophenol appears to be 
no longer manufactured. Cheaper colours of higher 
tinctorial powers, such as the Rexoll blacics (Claus and 
Co.), have taken its place. 

The Sulphurised Vat Dyestuffs. 

The new “ Hydron ” dyestuffs of CasseUa and similar 
products must not be confused with the Sulphur colours. 
Although produced by the action of polysulphides on 
certain organic compounds, they are vat dyestuffs, and 
are insoluble in sodium sulphide. The chemical con- 
stitution of these dyestuffs is quite unknown ; they may 
be divided into : 

(1) Sulphurised anthracene derivatives. 

(2) Sulphurised vat dyestuffs of Indophenols and 

allied compounds. 

Sidphwised aTiihracene derivaiivea. 

These compounds are prepared by melting anthracene 
and several of its more or less oomphoated derivatives 
with sulphur at high temperatures. The simplest 
representative is IvidaTdhrme olive 0 186,990), 

which is obtained by melting anthracene with sulphur 
at 260° 0., and gives olive shades fast to light and washing 
from a dark violet coloured vat, Hydron olive 0 [0.] 
is probably a surular dyestuff prepared by the action of 
sulphur chloride on anthracene {D.BJP. 247,416) at a 
high temperature. 

Gibcmone blue and blcuik B (E J?. 20,094 (1908) ), and 
probably the later brands, Oibanone green B and fcZoci? 2B, 
are produced by treatment of 2-methylbenzanthrone 
with sulphur. 2-Methylanthraqumone, and also this com- 
pound halogenated in the mettiyl group, on fusion with 
sulphur, gives rise to compounds which possess dull and 
worthless shades, but on oxidising wilb. hypochlorites 
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are transformed into bright orange dyestufEs. Oibanone 
ydlow E {E.P. 7683 (1908) ) from w-monoohlor-methyl- 
anthraquinone, and Oibanone orange R, from the dichloro- 
derivatives, are so obtained. 

Amido- and diamido-2-methylanthraqninone melted 
with sulphur give yellow to violet brown dyes. Oibanone 
brown {E.P. 13,067 (1908) ) is probably prepared from 
the mono-amido compound. 

SulpJmirised Vat Dyeatujfa from IndopheTiol. 

The colouring matters obtained by heating many 
organic compounds with sodium polysulphide, chiefly 
the tetrasulphide, are known as Sulphur dyestuffs. If, 
however, a poly-sulphide approaching the hypothetical 
Na^y and Na^Sg acts upon certain Indophenols, new 
dyestufEs are obtained which no longer dissolve in sodium 
sulphide, but form soluble leuco-compounds with 
hydrosulphite, and behave like true vat dyes. 

L. Haas {E.P. 2918 (1909) ) found that oarbazol 
condenses with nitrosophenol in sulphuric acid solution, 
producing an Indophenol, analogous to the Indophenol 
of diphenylamine prepared in the same way, thus : 


/\/™\/\ 


/\^° 


Indophenol of diphenylamine. 




/N/- 


\/ 

Indophenol of oarbazol. 


On heating with the usual proportion of sodium 
sulphide and sulphur, Indophenol-carbazol gives a blue 
Sulphur colour. The addition of copper sulphate to 
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the mixture gives a product •which dyes black shades, 
and is commercial as Indocarbon 8 [C.]. 

More intensive sulphurisation of Indophenol-carbazol 
or of its substitution products, alkyl or acyl derivatives, 
or of the condensation product of dimtroohlorbenzene 
with leuco-Indophenol-carbazol leads to the production 
of entirely different dyestuffs, which appear in commerce 
as Hyd/ron blue B, Q, B (D.B.P. 224,590-1 ; JSI.P. 956,348, 
Herte and Cassella) and Hyd/ron bhie-black. 

The trade name “ Hydron ” of CasseUa does not only 
include carbazol dyestuffs, but also embraces vat dye- 
stuffs belonging to other groups , for example, Hydron 
yeUow 0 is not a Sulphur vat dyestuff, and may be one 
of the colours obtained by condensing a diphthaloyl 
carbazol by means of sulphuric acid or other dehydratmg 
agent (BJP. 28,874 (1911) ). Grandmougin states that 
Hyd/ron violet B resembles the Ihdigoid dyestuffs. All 
Hydron colours can be dyed in oombinataon with one 
another. Hydron blue 0 and B approach Indigo in 
shade, being somewhat greener and redder respectively ; 
Erban {Farb.-Ztg., 1911) states that they are faster to 
washing, boihng, and bleachmg than Indigo. 


CHAPTER XXIV. 

ANILINE BLAOE. 

AniUne black is an insoluble dyestufE which is pro- 
duced on treating aniline with acid oxidising agents. 
Its formation was noticed by Runge as early as 1834. 
Aniline black is not used in the solid form for printing 
cotton, but is always prepared directly on the fibre by 
special dyeing or printing processes. 

The first application of Aniline black in dyeing was 
made in England by Calvert, Clift and Lowe in 1862. 
The fibre was immersed in a solution containing amliue 
hydrochloride, potassium chlorate and an iron salt ; 
it acquired a green shade, which was converted into 
black by subsequent passing through warm dilute 
bichromate (“ chroming ”), In the following year, 
Lightfoot improved the method, having observed that 
the presence of traces of a copper salt accelerated the 
formation of the black, the copper salt acting as an 
oxygen carrier. The black so obtained developed at 
a relatively low temperature (40-60°) in moist air. 
Lightfoot’s method ig still used at the present time, 
but has undergone certain modifications. Thus the 
presence of soluble copper salts has the disadvantage 
that they attack the steel doctors of the machines 
used in calico printing. In 1864 this difficulty was 
overcome by Lauth {Mon. sd., 1866, 68) by adding to 
the mixture an insoluble copper salt, such as the sulphide, 
which is, however, oxidised on exposure to moist air 
and then becomes soluble. In 1876, Guyard and Witz 
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diaoovered that Tanadlum salts exert a ma(* more 
energetic catalytic action than coppsr salts j thus one 
part of vanadium is sufficient to promote the oxidation 
of 270,000 parts of aniline salt mixed with potassium 
chlorate. In order to prevent the tendering of ^e 
cotton fibre, which always takes place on dyeing with 
Aniline black, the copper or vanadium salts are replaced 
by ferro cyanides, which also neutralise the acidity due 
to the hydrochloric acid liberated from the aniline 
hydrochloride. 

Ferrocyanide blacks are often called Steam blacks. 

The three methods available for the production of 
Aruline black may be summarised as follows : 

1. Single Bath black. This method is used chiefly for 
yam dyeing. The fibre is sometimes bottomed with a 
Sulphur black, on which the Aniline black is then pro- 
duced by immersing the cotton in a solution oontaimng 

salt, potassium dichromate and hydroohlorio acid, 
in which it is worked in the cold, or better, slowly brought 
to the boil. The dyestuff is produced in the bath, a por- 
tion remaining on the fibre. If the black has been obtained 
in the cold the process must be finished by steaming. 

2. Aged black. This is very much used for dyeing 
of pieces, but may also be used with certain precautions 
for hank dyeing. The method consists in padding the 
fibre with a solution containing aniline sj-lt (which has 
been made basic by the addition of a small quantity of 
aniline), sodium chlorate, and copper sulphate. Aifter 
the fibre has been wrung out, it is passed into an 
oxidation chamber in which the air is heated to 
40-60° C., and kept sufficiently moist by means of steam. 
After leaving this chamber the fibre has a dark green 
colour due to the presence of emeraldine ; the oxidation 
is finish ed by passing through warm dichromate solution, 
which converts the emeraldine into Aniline black. (See 
also N. Evans, J. Soc. Dyers and Ool., 1910, 26, 117.) 

A. G. Green has found that oxidation with chlorate 
may be replaced by oxidation with air alone, by adding 
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to the mixture of oniliae salt and the copper salt a trace 
of p-phenylenediamine or p-amidophenol {E.P. 16,189 
(1907) ), these substances acting as catalysts. Deriva- 
tives of ^-phenylenediamine, and certain nitroso-com- 
pounds may also be used (Zeidler and Wengraf, D J2JP. 
223,404, 224,384). This process has a great future, as it 
does not damage the fibre. 

3. Steam blacks. These are used for dyeiag pieces, 
and mainly for producing resists in printing. After 
padding in a bath containing aniline salt, sodium chlorate, 
and potassium ferrocyanide,the material is wrung out and 
steamed for two or three minutes in a rapid ager. The 
formation of the black is almost complete, the oxidation 
being finished by passing through bichromate. If the 
material has been printed with an alkaline substance 
before steaming, the black does not develop in the printed 
parts, and white resists are obtained (Prudhomme). 

At the present time, Aniline black is one of the most 
important of all colouring matters in cotton dyeing and 
calico printing. 

Constitution of Aniline Black. 

Three stages may be distinguished in the oxidation 
of aniline • a green substance (emeraldine) is first pro- 
duced, which is converted into a black, and this eventu- 
ally becomes green (nigr aniline), and by more complete 
oxidation becomes an ungreenable black. In spite of a 
considerable number of researches, the constitution and 
even the composition of the black remained undeter- 
mined for a considerable period, although some light 
was thrown on the subject by the researches of Caro, 
and more recently by tiiose of Willstatter (WiUstatter 
and Moore, Ber., 1907, 40, 2666 ; Willstatter and 
Dorogi, ibid., 1909, 42, 2148, 4118 ; Willstatter and 
Cramer, ibid., 1910, 48, 2976 ; 1911, 44, 2162. See 
also Nover, Ber., 1907, 40, 288, and A. G. Green, 
J. Soc. Dyers and Ool., 1909, 189). According to 
Kayser, the composition of the black corresponded 
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to Cj^ioNg; according to’ Nietzki it was CigHigNs, 
according to Goppdsroder, O24H20N4; later analyses of 
Nietzki lead to the fonnula finally 

WiUstatter and Moore gave the minimum formula 
as C4gS3gNg. 

Caro has shown that on oxidation of aniline by 
potassium permanganate in cold aqueous solution, a 
yellow solution is obtained, from whioh an amorphous 
yellow substance may be extracted with ether which 
gives emeraldine on treatment with acids. This yellow 
substance has been isolated in a crystaUine state by 
WiUstatter and Moore, who have established its con- 
stitution as that of phenylquinonediimide : 

CeH^N=0eH4=NH. 

In contact with acids it is converted entirely into 
emeraldine, the base of which has been obtained in a 
crystalline condition, its molecular weight correspond- 
ing to C24H20N4. It is hence a polymer of the above 
yeUow substance. Oxidation of this base in benzene 
solution yields a red compound, CJJ4H18N4, whioh on 
polymerisation finally gives ungreenable Aniline black. 

As emeraldine was formed by the condensation 
of phenylquinonediimide, the following formula was 
inoorrectiy assigned to it by WiUstatter and Moore, the 
bonds being m ^lara-position : 

CeH^N=CaH4=N-0eH4-NH— CeH4— NHg 

The red base obtained by oxidation contains two 
atoms less of hydrogen ; its constitution may be repre- 
sented by : 

CeHf-N = CeH4 =N-0eH4-N = CeH4 =NH 

This base polymerises even on heating with water 
m a sealed tube, giving an amorphous powder whioh 
is the Aniline black called " polymerisation black.” 
The formula should therefore be (Ca4Hi8N4)a, and for 
the mi^um value a: = 2 , the formula becomes C4aH3flN8, 
which is the simplest possible fonnula for Aniline black. 
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The constitution of Aniline black has now been 
elucidated by A. G. Green and S. Wolff {Ber., 1913, 46, 33 ; 
J. Soc. Dyers and Col., 1913, 106). It has been shown 
that the products obtained by earlier mvestigators, in- 
cluding those of WiUstatter, consist of impure emeraldine 
or nigraniline (Green and Woodhead, J.O.S., 1910, 97, 
2388 ; and Green and Wolff, Ber., 1911, 44, 2670 ; 
J.G.S., 1912, 101, 1117). Green states that these pro- 
ducts are merely mixtures of emeraldine and nigraniline 
with a variable amount of polymerisation — or decom- 
position — compounds, produced by the action of the 
mineral acid employed for “ purification,” as none of 
these substances exhibit the characteristic behaviour 
of an ungreenable Aniline black formed on the fibre, 
which alone can be regarded as a true Aniline black. 
The oxidation of aniline to Aniline black has been shoivn 
by Green and Wolff to proceed by a series of qumonoid 
additions according to the sclieme shovTi. on next 
page. 

In a later paper, Green and Johnson (J. 8oc. Dyers 
and Col., 1913, 338) give the results of investigations 
which further confirm the above formula for the hydro- 
chloride. 

On oxidation with lead dioxide suspended in dilute 
sulphuric acid, and allowing 6 per cent, for loss by over- 
oxidation, the yield of quinone obtained from the 
Aniline black of Green and Wolff was 62*6 per cent., 
corresponding very closely to that theoretically indicated 
by the phenylazonium formula. 

The above authors have also investigated the variety 
of Aniline black known as “ Single Bath black ” or 
“ Bichromate black.” The samples obtained by various 
practical methods had in general the same properties, 
differing only in the amount of impurities present. It 
is to be noted that the name “ Ardline black ” cannot 
properly be applied to any of the products prepared by 
Willsbatter and his pupils, as Green and Wolff have 
shown them to be mixtures of emeraldine and nigrani- 
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line. The results show that Bichromate black is an 
analogue of the Chlorate black, being a phenylazonium 
hydroxide : 



o.p. x2 
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as the presence of an OH group explains the difficulty 
experienced in removing the chromium, and the smaller 
solubility of the base in acetic acid. Further Bichromate 
black differs from the other quinonoid bases of the 
series in having a maximum combining capacity of two 
molecules of hydrochloric acid in place of three; as 
usual in this series, the dihydro chloride is not hydrolysed 
by water. 
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194 
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- 

80 
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- 
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- 

- 
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. 
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. 
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. 

267 
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. 
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. 
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Thiazimes 

- 

241 
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- 
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40 
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- 

298 
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- 

- 

111 
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- 

303 
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. 

162 

Thiozones 

- 

241 
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. 
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- 
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Thiocarminea 

- 

240 
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- 
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. 

303 

Soluble blue XG 
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- 
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- 
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- 

174 
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- 

- 
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- 

292 
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- 

- 

190 
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- 

290 
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. 

- 

174 
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. 

290 
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- 

- 

172 
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- 

296 
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- 

- 
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292 
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. 
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- 

290 
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- 

- 

172 
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288, 

292 

Eoaines 

- 

. 

189 
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. 

290 
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- 

- 
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. 

290 
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- 

- 

172 

Thio Katigen colours 

- 

313 
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- 

- 
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- 

306 
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- 

- 

133 
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- 

313 
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- 

- 
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- 
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- 

- 
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- 
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- 

80 
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- 241 
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Thiophen 
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- 306 
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Thioxin colours 

- 306 
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- 172 

Tolidine 

- 122 

Toluene - 

10, 14 

Toluidines 

68, 60 
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- 263 

Toluylene blue 

- 236, 266 

Toluylenediaminea 

- 69 

Toluylene red 
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- 266, 268 
dye- 


stuns 

amido-derivatives 
hydroxy-derivatives 
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O - - . 
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Y - . . 
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Turmeric 

- 136 

Tyrian purple 

- 294 
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187, 188 
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- 220 

anthracene - 

- 220 

sulphurised 

- 314 

Verde Italiano 

- 312 

Vesuvme 

- *106 

Victoria blue - 

- 174 
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- 152 

orange 

Vidal Mack - 
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- 193 
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- 227 
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- 236 

Xanthene dyestuffs 

- 181 

Xanthone 
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Xanthonium oompoimds 180 

Xylene ... 

10, 14 

yellows 
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Xyhdines 

- 69 

YeUow corolUn 
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176 
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